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February  3rd,  1908. 

INDUCTION    OF    THE    PRESIDENT, 
JOSEPH   WILLIAM   WILSON. 

Mr.  Maurice  Wilson,  President  for  the  year  1906,  occupied 
the  Chair  at  the  commencement  of  the  meeting. 

The  Minutes  of  the  Ordinary  Meeting  held  on  the  2nd 
December,  1907,  were  read,  confirmed,  and  signed. 

The  names  of  seventeen  Candidates,  proposed  for  election, 
were  read  by  the  Secretary. 

The  Chairman:  In  the  absence  of  the  President,  I  now 
have  pleasure  in  presenting  the  premiums  awarded  during  the 
past  session. 

The  Premiums  were  then  distributed. 

Mr.  R.  W.  A.  Brewer,  in  acknowledgment  of  the  President's 
Gold  Medal  awarded  to  him,  said :  Mr.  Chairman,  it  is  with 
much  pride  and  pleasure  that  I  accept  this  award  at  your  hands, 
and  I  trust  that  you  will  convey  my  sincere  thanks  to  the 
President  and  to  the  members  of  the  Council.  I  thank  you 
very  much  for  your  kindness  in  selecting  my  paper,  and  I  hope 
that  at  some  future  date  I  shall  have  the  pleasure  of  reading 
another  paper  before  the  Society  of  Engineers. 

The  Chairman :  I  have  to  express  the  thanks  of  the 
Society  to  the  authors  of  the  other  papers  read  during  the  past 
session :  Mr.  B.  H.  Thwaite  and  Mr.  E.  F.  Thorp  for  their  joint 
paper  on  "  The  Eenard  and  Sourcouf  Eoad-Train  System  "  ; 
Mr.  E.  E.  Matthews  for  his  paper  on  "  Waterworks  Construction 
in  America  "  ;  and  Mr.  H.  C.  Huggins  for  his  paper  on  "  Bridle 
Eoads  in  the  West  Indies."  1  take  it,  gentlemen,  that  you 
would  like  to  express  year  thanks.     (Applause.) 

I  have  no  doubt  that  practically  everybody  present  is  aware 
of  the  fact  that  our  President  for  1907  has  been  absent  in  China, 
as  far  as  I  can  remember,  for  almost  the  wliole  year.  I  believe 
he  is  still  there.  At  any  rate,  which  is  the  most  important 
matter — he  is  not  present  to  occupy  the  Chair  this  evening,  and 
I  take  it  that  probably  I  am  the  only  person  present  who  does 
not  regret  his  absence,  because  it  gives  me  the  opportunity  of 
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personally  taking  part  in  what  I  feel  is  really  a  unique  occasion 
— in  this  way.  I  am  sure  that  you  will  forgive  me  for  ex- 
pressing a  certain  amount  of,  perhaps,  pardonable  pride  in  the 
fact  that,  as  far  as  I  can  ascertain,  this  is  the  first  occasion  on 
which  two  brothers  have  ever  occupied  the  presidential  chair  in 
any  engineering  Society  or  institution  in  the  world.  It  is  a 
"  record "  also  that  a  president  of  our  Society  should  have 
worked  his  way  right  through  from  a  member  of  Council  to  the 
presidency,  and  then  started  all  over  again,  and  should  have 
gone  through  the  whole  process  a  second  time.  It  is  a  process 
which  those  who  have  never  been  on  the  Council  cannot  realise. 
Our  new  president  has  done  this  in  a  way  that,  I  am  sure,  will 
commend  itself  particularly  to  the  members  of  the  Society. 
And,  lastly,  it  gives  me  an  opportunity  of  performing  a  task 
which,  perhaps,  is  slightly  Gilbertian — that  of  a  member  of  a 
family  decorating  his  eldest  brother.  With  these  few  remarks, 
gentlemen — I  will  not  trespass  further  upon  your  time — I  have 
great  pleasure  in  installing  my  eldest  brother  into  this 
honourable  position,  in  handing  to  him  his  certificate  of 
presidentship,  and  in  hanging  round  his  neck  this  badge  which 
has  been  hidden  from  your  sight  for  so  long,  and  which,  I  am 
sure,  it  will  gladden  your  hearts  to  see  reposing  on  the  bosom 
of  one  who  so  very  worthily  deserves  this  honour.  ("Bravo." 
Loud  cheers.) 

The  Chairman  then  invested  the  incoming  President, 
Mr.  J.  W.  Wilson,  with  the  presidential  badge,  and  added :  I 
wish  you  every  success  during  your  year  of  office,  and  I  have 
no  doubt  that  you  will  occupy  the  position  in  the  way  that  you 
did  many  years  ago,  or  if  possible,  with  even  greater  eclat  than 
in  the  year  1892. 

Mr.  George  A.  Goodwin:  I  also  have  the  pleasing  duty 
to  refer  to  our  President,  but  not  in  the  way  that  his  brother 
has  done,  and  not  in  the  way  that  another  member  of  the 
Council  will  do  later  on.  I  think  that  you  will  all  agree  with 
me  that  we  owe  Mr.  Wilson  as  an  individual  a  very  great  debt 
of  gratitude  indeed  for  his  services  during  the  past  year.  As 
you  know,  Mr.  St.  George  Moore — fortunately  for  him,  but 
unfortunately  for  Mr.  Wilson  in  particular — has  been  called  to 
China,  where,  I  believe,  he  is  now,  and  he  was  only  able,  as  far 
as  I  remember,  to  attend  one  meeting  during  his  year  of  office, 
and  that  was  for  his  own  Presidential  address.  I  am  sure  that 
you  will  agree  with  me  that  Mr.  Wilson  acted  with  great  kind- 
ness in  coming  forward  as  Acting  President  during  the  last 
twelve  months.  His  great  experience,  gained  when  he  was 
President  some  sixteen  years  ago,  and  over  eighteen  years  of 
constant  service  as  a  member  of  the  Council,  has  enabled  him 
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to  give  US  the  benefit  of  his  very  valuable  help  in  steering  the 
ship  of  the  Society  of  Engineers  into  a  haven  of  rest  where  he 
now  takes  control.  I  think  most  of  us  know  he  is  engaged  all 
the  year  round  at  the  Crystal  Palace  School  of  Engineering, 
where  he  has  many  duties  to  fulfil,  and  we  must  appreciate  all 
the  more  his  kindness  and  the  management  of  his  time  which 
has  enabled  him  to  attend  all  the  meetings  of  this  Society,  and 
give  us  his  services.  I  do  not  think  that  he  has  missed  one 
meeting.  Therefore,  I  will  ask  you  with  all  kindness  to  give 
him  a  hearty  vote  of  thanks  for  his  services  during  the  past 
twelve  months.     (Cheers.) 

Mr.  Percy  Griflath :  Gentlemen,  as  a  matter  of  form,  this 
resolution  requires  seconding,  not,  however,  from  your  point  of 
view,  because  I  am  sure  that  your  enthusiasm  is  sufficient  to 
warrant  you  receiving  it  at  Mr.  Goodwin's  hands  without  any 
seconding  whatever,  both  on  account  of  its  proposer  and  on 
account  of  its  object.  There  is  one  fact  which  Mr.  Goodwin  did 
not  mention,  perhaps,  as  emphatically  as  he  might — namely, 
that  not  only  has  our  excellent  President  had  thrown  upon  him 
the  presidential  duties  for  two  years  in  succession,  but  during 
this  past  year  those  duties  have  been  more  than  usually  onerous, 
and  the  responsibilities  have  been  more  than  usually  great.  To 
anyone  familiar  with  the  working  of  institutions  of  tliis  sort,  it 
will  be  realised  that  no  more  trying  event  can  happen  to  a 
president  than  to  lose  the  secretary  during  his  year  of  office. 
Now,  that  happened  in  this  case,  and  it  has  involved  our 
Acting-President  in  responsibilities  and  labours  of  which  no 
one  unfamiliar  with  the  same  circumstances  can  have  any  idea. 
Our  great  delight,  as  members  of  the  Council,  has  been  that 
under  this  special  strain  and  difficulty  we  have  not  had  any 
doubt  or  fear  for  the  future  ;  and  you,  as  members,  I  am  quite 
sure,  have  had  no  occasion  to  notice  any  irregularity  or  failure 
of  any  sort.  That  has  been  due  to  the  fact  that  we  have  had  at 
the  head  of  affairs  a  past  President  now,  happily  elected  to  the 
position  of  President  for  a  second  time,  and  one  who,  because  of 
his  past  experience  as  well  as  because  of  his  innate  ability,  has 
been  capable  of  meeting  every  emergency  tliat  has  arisen  in  the 
most  admirable  and  perfect  way.  From  a  member  of  the  Coun- 
cil, you  will,  I  am  sure,  accept  this  as  meaning  more  than  can 
be  known  to  you  as  members.  In  every  detail  we  have  been 
perfectly  safe  as  well  as  perfectly  content  under  the  Chairman- 
ship of  our  now  elected  President.  I  therefore  have  much 
pleasure  in  seconding  the  vote  of  thanks  to  the  Acting-President 
for  his  services  during  the  past  year. 

The  vote  was  carried  by  acclamation. 

The  President :  Mr.  Goodwin,  Mr.  Griffith,  and  gentlemen, 
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I  thank  you  for  the  very  kind  manner  in  which  this  vote  has 
been  proposed,  and  for  the  cordial  way  in  which  it  has  been 
received.  It  is  the  privilege  of  a  senior  Vice-President  to  act  as 
under-study  to  the  President.  It  does  not  often  involve  doing 
most  of  his  work  for  him,  it  is  true  ;  but,  at  the  same  time,  it  is 
the  fortune  of  war,  and  I  should  be  very  sorry  for  this  occasion 
to  go  by  with  an  idea  that  I  did  nearly  all  of  the  work.  I  did 
the  best  I  could,  bub  it  would  be  wrong  for  me  not  to  tell  you 
how  much  the  members  of  the  Council  have  done  in  supporting 
me  during  this  trying  year ;  and  more  particularly,  that  our 
worthy  Honorary  Treasurer,  Mr.  Butler,  has  also  had  put  upon 
his  shoulders  many  extra  duties  which,  I  am  sure,  he  did  not 
anticipate  at  the  beginning  of  the  year.  I  thank  you,  gentlemen, 
and  I  appreciate  very  much  the  friendly  way  in  which  you  have 
responded  to  this  proposal. 

The  President  then  delivered  the  following  Inaugural 
Address  : — 

Gentlemen, — Sixteen  years  have  elapsed  since  I  was  elected 
President  of  the  Society  of  Engineers,  and  my  first  duty  this 
evening  must  be  to  thank  you  for  having  again  conferred  this 
honour  upon  me.  Having  joined  the  Society  thirty-six  years  ago, 
and  having  served  continuously  upon  the  Council  for  twenty-one 
years,  I  may  claim  to  know  something  of  its  welfare  and  progress  ; 
and  it  will  be  my  endeavour  to  promote  these  to  the  utmost  of 
my  ability  during  my  year  of  office,  knowing  how  thoroughly  I 
may  depend  upon  the  cordial  co-operation,  not  only  of  the  Coun- 
cil, but  of  all  the  Members  of  the  Society ;  so  that  together  we 
may  be  able  to  raise  it  to  a  still  higher  position  than  it  already 
occupies. 

The  details  of  our  progress  during  the  past  year  will  be 
found  in  our  Annual  Eeport ;  so  that  I  need  only  refer  to  one 
or  two  events  which  have  taken  place  during  that  time,  as  more 
especially  affecting  our  welfare. 

The  Society  has  suffered  heavy  personal  losses  during  1907. 
The  year  began  with  a  blank  in  the  List  of  our  Honorary  Mem- 
bers, caused  by  the  death  of  Sir  E.  J.  Eeed.  This  we  were  pleased 
to  be  able  to  fill  by  the  election  of  Sir  Edward  Eaban,  Director 
of  Works  to  the  Admiralty.  Shortly  after  this,  the  sudden  death 
of  Sir  Benjamin  Baker,  Past  President  of  the  Institution  of 
Civil  Engineers,  not  only  deprived  the  world  of  one  of  her 
greatest  engineers,  but  also  removed  one  of  our  highly  valued 
Honorary  Members  and  Trustees.  It  has  afforded  us  all  great 
gratification  that  Sir  William  Matthews,  President  of  the  Insti- 
tution of  Civil  Engineers  this  year,  has  consented  to  fill  this 
gap  in  our  List  of  Honorary  Members ;  and  that  Sir  Alexander 
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W.  B.  Kennedy,  Past  President  of  the  Institution  of  Civil 
Engineers,  and  already  an  Honorary  Member,  has  agreed  to  act 
as  one  of  our  Trustees,  with  Sir  Douglas  Fox  and  Sir  William 
H.  White. 

In  June  last  our  old  friend  and  colleague,  Mr.  Perry  F. 
Nursey,  passed  away  at  the  age  of  seventy-seven.  Joining  the 
Society  fifty  years  ago,  he  always  took  a  keen  interest  in  its 
welfare,  to  which  indeed  he  largely  contributed.  He  acted 
successively  as  Secretary,  Member  of  Council,  and  President  in 
1896.  He  then  succeeded  the  late  Alfred  Williams  as  Honorary 
Secretary  and  Treasurer ;  and  during  the  last  few  years  he  again 
occupied  the  position  of  Secretary.  Of  his  untiring  devotion  to 
his  duties,  and  of  the  ability  with  which  he  discharged  them, 
as  well  as  of  the  personal  respect  entertained  towards  him  by 
all  Members  of  the  Society,  especially  by  the  Members  of  the 
various  Councils  with  whom  he  co-operated,  it  is  needless  for 
me  to  speak.  Last  October,  addressing  you  from  this  chair, 
I  endeavoured  to  lay  them  more  adequately  before  you.  I  will 
only  add  that,  by  his  death,  we  have  lost  one  of  the  mainstays 
of  the  Society :  and  I  cannot  do  better  than  record  here  the 
Eesolution  which  was  unanimously  agreed  to  on  the  above- 
mentioned  occasion : — 

"The  President,  Council,  and  Members  of  the  Society  of 
Engineers,  at  this  their  first  Meeting  after  the  death  of  their 
Secretary,  Mr.  Perry  F.  Nursey,  desire  to  place  on  record  their 
appreciation  of  the  invaluable  services  rendered  by  him  to  the 
Society  during  his  long  and  honourable  life ;  and  to  express  to 
his  widow  and  his  family  their  deep  sympathy  with  them  in 
their  bereavement." 

Since  then  the  Members  of  the  Society  and  their  friends  have 
subscribed  a  sum  of  money,  the  interest  of  which  will  provide, 
from  time  to  time,  a  "  Nursey  Premium  "  ;  so  that  the  name  of 
our  good  old  friend  and  fellow-worker  will  be  worthily  per- 
petuated amongst  us. 

It  may  here  be  recorded  that  the  interest  upon  a  legacy  left 
by  our  Past  President,  the  late  Mr.  Joseph  Bern  ays,  will  also 
provide,  from  time  to  time,  a  "  Bernays  Premium." 

The  Council  have  appointed  Mr.  A.  S.  E.  Ackermann  Secre- 
tary, in  succession  to  Mr.  Perry  F.  Nursey,  and  we  all  feel 
confident  that  the  Society  will  continue  to  flourish  under  his 
able  management. 

In  July  last  we  lost  our  Vice-President,  Mr.  William  H. 
Holttum,  who  had  rendered  valuable  service  to  the  Society  since 
he  joined  the  Council  in  1900.  We  were  all  looking  forward 
with  pleasurable  anticipation  to  his  Presidency  in  due  course 
next  year. 
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Finally,  on  December  23rd,  it  fell  to  my  lot  to  represent  the 
Society  at  the  funeral,  in  Westminster  Abbey,  of  the  late  Lord 
Kelvin,  who  had  been  one  of  our  Honorary  Members  since  1890. 
By  his  deatli  the  world  has  been  deprived  of  one  of  its  greatest 
scientists ;  who,  by  the  noble  utilisation  of  his  transcendent 
genius,  has  probably  done  more  than  any  man  since  Newton  to 
investigate  and  turn  to  practical  account  the  hidden  mysteries 
of  science ;  and  thus  to  further  develop  them  "  for  the  use  and 
convenience  of  man."  He  was  the  first  man  of  science  in  this 
country  to  be  raised  to  the  Peerage,  and  many  were  the  honours 
showered  upon  him.  Yet  it  is,  surely,  the  greatest  honour  of 
all  that  his  profound  scientific  knowledge  did  but  confirm  his 
belief  in  God,  and  lead  him  to  the  conclusion  that  science,  in- 
stead of  being  opposed  to  religion,  was  indeed  one  of  its  greatest 
supporters.  The  walls  of  the  Meeting  Room  of  the  Institution 
of  Civil  Engineers  bear  the  names  of  the  world's  leading  engi- 
gineers  and  scientists.  As  "Newton"  is  among  them,  let  us 
hope  that  '*  Kelvin  "  also  may  be  added  in  due  course. 

In  reference  to  the  past  I  need  only  add  that  we  have  had, 
on  the  whole,  a  successful  year  in  1907.  The  Medal  and 
Premiums  which  have  been  presented  this  evening  have  been 
awarded  for  valuable  papers  which  have  evoked  excellent 
discussions.  The  professional  visits  which  we  paid  to  the 
"  Reservoirs  of  the  Metropolitan  Water  Board  "  at  Honor  Oak 
in  June,  and  to  "  Chatham  Dockyard "  in  September,  were  in 
all  respects  satisfactory,  though  the  Members  present  at  them, 
as  well  as  at  our  Ordinary  Meetings,  have  been  hardly  up  to 
the  average  number. 

Our  Financial  Position  continues  to  be  eminently  satisfactory. 


The  interval  that  has  elapsed  since  my  former  Presidential 
Address,  though  but  half  a  generation,  yet  includes  several 
notable  examples  of  Engineering  progress ;  and  to  one  or  two 
of  these  I  will  briefly  refer. 

The  only  Tube  Railway  then  in  operation  was  the  partially 
completed  "  City  and  South  London  "  electric  line. 

It  is  not  necessary  for  me  to  recapitulate  the  names  of  its 
many  worthy  imitators.  Like  all  pioneer  undertakings  it  had 
to  bear  the  brunt  of  much  adverse  and  pessimistic  criticism ; 
but  it  has  proved  its  value ;  and  great  is  the  development  which 
has  followed  in  this  direction.  Yet  the  miles  of  Tube  Railways 
and  Electric  Tramways,  with  the  Motor  Buses  which  run  in 
connection  or  in  competition  with  them,  carrying  as  they  do 
many  millions  of  passengers  yearly,  hardly  appear  to  have  done 
much  to  relieve  the  traffic  congestion  of  our  great  city. 
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Much  indeed  yet  remains  to  be  accomplished,  and  many 
excellent  schemes  have  been  brought  forward  by  those  well 
qualified  to  deal  with  the  problem. 

The  paramount  importance  of  the  recent  Eoyal  Commission 
on  "  London  Traffic,"  and  its  monumental  report,  are  known  to 
all.  An  important  paper  on  the  subject  was  read  to  us  here  in 
1905  by  Messrs.  C.  S.  Meik  and  W.  Beer ;  and  Mr.  W.  N. 
Twelvetrees  devoted  his  late  Presidential  Address  to  the  Civil 
and  Mechanical  Engineers  Society  to  another  aspect  of  the 
matter.  It  is  evident  that  the  question  is  one  of  such  magni- 
tude and  complexity,  that  only  exceptional  powers  will  suffice 
to  grapple  with  it  successfully. 

In  my  last  address  I  detailed  the  proposals  brought  forward 
by  Sir  Christopher  Wren  after  the  great  Fire  of  London  ;  which, 
if  adopted,  would  have  ensured  at  any  rate  a  more  systematic 
and  convenient  basis  for  the  development  of  London.  His  plans 
were  not  adopted ;  and  to-day  London  is  a  congeries  of  cities, 
huddled  unsystematically  together,  and  spreading  rapidly  farther 
and  farther  afield,  with  no  supreme  authority  to  direct  or  control 
the  general  development.  Yet  if  the  present  rate  of  increase  be 
maintained,  the  population  of  the  Metropolis  will  have  more 
than  doubled  in  less  than  half  a  century,  being  prophetically 
estimated  at  16,000,000  in  1960  ;  and  it  is  appalling  to  consider 
what  the  Traffic  Problem  will  then  be,  if  the  present  erratic 
and  unmethodical  growth  be  permitted  to  go  on  unchecked. 
There  are  several  minor  improvements  which  could  be  carried 
out  without  difficulty  or  delay.  Slow,  heavy,  traffic  should  be 
diverted  from  the  main  thoroughfares,  at  any  rate  during  the 
busiest  hours  of  the  day  ;  direction  facilities  should  be  increased 
by  displaying  the  names  of  streets  on  all  lamps ;  maps  of  the 
surrounding  district  should  be  accessible  at  all  railway  stations, 
and  on  them  the  numbering  of  the  longer  streets  should  be 
indicated.  Some  control  should  also  be  exercised  over  the 
routes  taken  by  the  various  omnibuses,  which  at  present  tend 
in  some  instances  to  unreasonably  disturb  quiet  residential 
districts,  or  to  interfere  with  occupations  requiring  an  absence 
of  vibratory  unrest.  In  my  former  address  I  drew  attention  to 
this  matter,  and  urged  that  "  before  it  is  too  late  some  well 
defined  scheme  for  the  giadual  reorganisation  of  existing  London, 
and  its  duly  systematic  development  outwards,  especially  with 
regard  to  the  means  of  Traffic,  should  be  decided  upon  by  a 
Congress  of  Engineers  and  other  Authorities  most  interested  in 
the  matter."  I  can  but  reiterate  this,  and  trust  that  before  long 
a  definite  move  may  be  made  in  a  matter  which  is  of  national 
importance. 
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The  present  position  and  future  development  of  the  Port  of 
London  is  another  question  of  paramount  importance,  and  of 
rapidly  increasing  urgency.  It  is  undeniable  that  much  yet 
remains  to  be  done  to  bring  up  to  date  and  develop  yet  further 
the  existing  dock  accommodation,  and  many  proposals  have 
recently  been  brought  forward  for  this  purpose.  The  latest 
Board  of  Trade  returns  indicate  that  there  is  now  little  differ- 
ence between  the  total  trade  of  London  and  Liverpool ;  the  two 
ports  together  accounting  for  considerably  more  than  half  the 
over-sea  trade  of  the  United  Kingdom. 

Yet,  while  at  Liverpool,  Manchester,  Southampton,  Avon- 
mouth,  Cardiff,  Dover,  Barry,  and  other  places,  many  millions 
have  been  and  are  being  expended  upon  the  extension  and 
improvement  of  harbour  and  dock  accommodation,  little  or 
nothing  is  being  done  for  the  Port  of  London. 

The  Manchester  Ship  Canal,  which  was  under  construction 
when  I  last  addressed  you,  is  steadily  justifying  its  existence ; 
and  it  is  significant  that  the  Port  of  Manchester  is  continuously 
developing  its  trade,  which  has  increased  by  some  50  per  cent, 
during  the  last  few  years.  Owing,  however,  to  the  uncertainty 
of  the  London  Port  problem,  and  the  many  conflicting  interests 
connected  therewith,  matters  are  at  present  in  a  state  of  abey- 
ance ;  and  it  is  to  be  hoped  that  it  may  not  be  long  before  a 
comprehensive  and  statesmanlike  scheme  may  be  put  in  hand, 
for  only  thus  can  the  decline  of  London's  pre-eminence  in  this 
respect  be  averted. 

One  of  the  schemes  proposed  involves  the  diversion  of  a 
portion  of  the  Thames.  This  has  been  looked  upon  as  a  new 
idea,  but  that  it  is  not  so  a  reference  to  Pepys'  Diary  will  prove. 

In  a  letter  written  to  him  in  1699  the  writer  says :  "  I  had 
preached  for  Mr.  Gataker  at  Eedriff  [Eotherhithe]  and  next 
morning  I  walked  with  him  over  the  fields  to  Lambeth.  He 
showed  me,  in  the  passage,  diverse  remains  of  the  old  channel, 
which  had  heretofore  been  made  from.  Eedriff  to  Lambeth,  for 
diverting  the  Thames  whilst  London  Bridge  was  building,  all  in 
a  straight  line,  or  near  it ;  but  with  great  intervals  which  had 
been  long  since  filled  up  for  it  is  more  than  50  years  ago." 
There  appears  to  be  no  other  record  of  this  important  diversion 
of  our  river ;  but  an  inspection  of  the  map  of  London  will  show 
that  the  course  indicated  would  be  through  very  low-lying  dis- 
tricts, while  some  of  the  existing  names  of  streets,  such  as  "  New 
Cut,"  "  Lower  Marsh,"  etc.,  are  certainly  significant. 


Sixteen  years  ago  we  saw  the  projection  of  the  great  Trans- 
Siberian  Eailway,  which  has  since  been  carried  out ;  and  which, 
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whether  viewed  from  a  strategic,  commercial,  or  economical 
point  of  view,  can  hardly  be  said  to  have  realised  the  expecta- 
tions of  its  promoters. 

To-day  we  see  in  progress  another  Trans-Continental  Railway; 
which,  if  it  does  not  circle  quite  so  far  round  the  globe,  yet  sur- 
passes in  magnitude  and  importance,  as  a  whole,  any  previously 
conceived  scheme  of  railway  construction  ;  which  is  of  the  greatest 
importance  to  us  from  an  Imperial  point  of  view ;  and  which, 
it  may  be  confidently  anticipated,  will  fully  realise  the  great 
expectations  that  are  foretold  for  its  near  future. 

The  "  Grand  Trunk  Pacific  Eailway  of  Canada "  is  the 
natural  outcome  of  that  great  system  of  nearly  5000  miles  of 
existing  lines  known  as  the  Grand  Trunk  Railway,  of  which 
Sir  C.  Rivers  Wilson,  G.C.M.G.,  is  the  President.  Mr.  Charles 
M.  Hays,  who  occupies  the  position  of  Second  Vice-President 
and  General  Manager  of  the  Grand  Trunk  Railway,  is  the 
President  of  the  new  railway;  and  Mr.  Frank  W.  Morse, 
formerly  Superintendent  of  Motive  Power,  and  for  the  last  few 
years  one  of  the  Vice-Presidents  of  the  Grand  Trunk  Railway, 
is  Vice-President  and  General  Manager  of  the  new  railway; 
while  the  Chief  Engineer  is  Mr.  B.  B.  Kelliher,  who  has  great 
experience  in  the  construction  of  trans-continental  railways  in 
the  United  States ;  having  formerly  also  been  engaged  upon 
railway  construction  in  his  native  country  of  Ireland. 

The  Grand  Trunk  Pacific  Railway,  which  will  be  the  only 
"  all  Canadian  route  "  from  her  eastern  to  her  western  shores, 
was  incorporated  in  1903,  and  is  being  vigorously  pushed 
forwards  towards  completion,  which  is  due  by  the  end  of  1911. 

The  Main  Trunk  Line  will  have  a  length  of  3600  miles ; 
and  the  eastern  half,  from  Monckton  on  the  Atlantic  to  Winni- 
peg, the  great  central  Canadian  city,  is  being  constructed  by 
the  Canadian  Government,  who  will  lease  it  to  the  Grand  Trunk 
Pacific  Railway  Company  for  50  years,  with  the  option  of 
renewal.  During  the  first  7  years  there  is  to  be  no  rental; 
during  the  next  3  years  a  rental  of  3  per  cent,  will  be  paid, 
provided  the  net  earnings  prove  sufficient ;  and  a  rental  of  3  per 
cent,  upon  the  cost  of  construction  for  the  rest  of  the  period. 

The  western  half,  from  Winnipeg  to  Prince  Rupert,  the 
terminus  on  the  Pacific  coast,  is  being  constructed  by  the  Grand 
Trunk  Pacific  I  Railway  Company;  the  Canadian  Government 
guaranteeing  2600/.  per  mile  on  the  "  Prairie  Section,"  and 
three-quarters  of  the  cost  on  the  "  Mountain  Section." 

The  estimated  cost  of  the  Eastern  Division,  1800  miles  long, 
is  6000/.  per  mile;  of  the  first  1100  miles  of  the  Western 
Prairie  Section  5000/.  per  mile  ;  and  of  the  remaining  700  miles, 
or  the  Mountain  Section,  10,000/.  to  12,000  per  mile;  giving  a 
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total  approximate  cost  for  the  main  line  alone  of  25,000,000/. ; 
while  the  rolling  stock  will  absorb  6,000,000/. 

In  the  earlier  railways  constructed  on  the  American  conti- 
nent frequent  use  was  made  of  steep  gradients  and  sharp  curves. 
This,  though  mitigating  the  cost  of  initial  construction,  proved 
to  be  a  mistaken  policy  ;  as  the  necessary  subsequent  modifica- 
tions were  often  so  costly  as  to  approximate  the  amount  spent 
upon  the  original  construction. 

In  the  Grand  Trunk  Pacific  Kailway  no  such  mistake  will 
be  made ;  the  engineers  who  are  locating  the  line  being  limited 
to  a  grade  of  31  feet  to  the  mile  in  the  Eastern  Section ;  and  of 
only  26  feet  to  the  mile  in  the  Mountain  Section.  As  a  contrast 
to  which  it  may  be  mentioned  that  the  Canadian  Pacific  Eailway 
in  crossing  the  Eocky  Mountains  has  a  maximum  grade  of 
237  feet  to  the  mile. 

Thus,  although  the  initial  cost  may  be  somewhat  increased, 
the  subsequent  outlay  will  be  materially  reduced ;  while  from 
the  outset  the  economical  running  of  the  trafitic  cannot  fail  to 
be  assured. 

The  latest  official  report  shows  that  as  regards  the  Eastern 
Division  all  preparations  for  the  construction  of  the  railway 
are  well  in  hand,  and  that  detached  portions  are  already  under 
construction.  This  line  is  to  cross  the  St.  Lawrence  Eiver 
5  miles  above  Quebec  by  the  great  bridge  now  under  con- 
struction by  the  ''  Quebec  Bridge  and  Eailway  Company." 
This  is  to  be  the  largest  cantilever  bridge  in  the  world,  having 
a  centre  span  of  1800  feet,  or  90  feet  more  than  that  of  the 
Forth  Bridge,  with  a  total  length  of  3240  feet  and  an  elevation 
of  rail  above  high  water  of  150  feet ;  thus  affording  a  free  passage 
for  all  ocean  steamers. 

At  Winnipeg,  where  the  Eastern  and  Western  Divisions 
meet,  will  be  erected  a  Great  Union  Station,  designed  to  accom- 
modate the  Trans-continental,  the  Grand  Trunk  Pacific  and  the 
Canadian  Northern  Eailways. 

As  regards  the  Western  Division,  the  Prairie  Section  of  the 
main  line,  from  Winnipeg  to  Edmonton,  793  miles  long,  is  all 
under  contract;  701  miles  have  been  graded,  and  320  miles 
of  track  are  already  laid,  while  the  contract  for  the  remaining 
118  miles  beyond  Edmonton  has  just  been  let,  and  the  whole  of 
the  Prairie  Section  is  expected  to  be  open  to  traffic  before  the 
close  of  the  present  year. 

The  Mountain  Section  is  naturally  not  so  far  advanced ;  but 
the  survey  parties  are  approaching  the  completion  of  location, 
and  contracts  for  this,  the  most  arduous  portion  of  construction, 
will  be  let  before  long. 

Of  the  various  branch  lines,  many  of  which  will  be  com- 


INAUGURAL   ADDRESS   OF  THE  PRESIDENT.  11 

menced  before  the  main  line  is  completed,  the  most  important 
will  be  that  from  "  Fort  William  "  to  "  Lake  Superior  Junction," 
200  miles  long;  of  which  170  miles  have  been  graded,  and 
96  miles  laid.  This  branch  will  give  access  to  the  navigation 
of  the  Great  Lakes,  by  means  of  which  direct  water  communi- 
cation will  be  opened  up  for  the  newly  developed  agricultural 
and  other  wealth  of  the  country  with  the  rest  of  the  world. 

Powers  have  also  been  secured  for  lines  of  railway  to  Fort 
Churchill  on  the  western  shore  of  Hudson  Bay,  and  to  Dawson 
in  the  Yukon  District  of  the  far  North-West ;  connections  will 
also  be  made  with  the  existing  Grand  Trunk  Railway,  the 
pioneer  railway  of  Canada. 

The  carrying  out  of  such  an  undertaking  cannot  be  achieved 
without  a  display  of  more  than  ordinary  courage  and  perseve- 
rance on  the  part  of  those  engaged  in  its  location  and  construction. 
In  order  to  determine  the  best  route  for  the  railway  across 
the  great  range  of  the  Eocky  Mountains,  a  large  staff  of  engi- 
neers has  been  in  the  field  during  the  last  three  years,  making 
exhaustive  investigations  of  the  various  passes ;  that  which  is 
known  as  the  "  Yellowhead  Pass"  having  been  ultimately  adopted. 

By  this  route  the  passage  of  the  Eockies  will  be  of  a  much 
more  favourable  nature  than  on  any  other  existing  railway, 
there  being  but  one  summit  of  3712  feet  altitude  to  cross ; 
whereas  the  Canadian  Pacific  Eailway  has  two  summits,  one  of 
5299  feet  and  one  of  4308  feet. 

The  site  for  the  terminus  of  this  great  line  upon  the  Pacific 
coast  has  been  a  difficult  matter  to  determine.  Prince  Eupert, 
as  it  has  been  named,  lies  550  miles  north  of  Vancouver,  which 
is  at  present  the  nearest  railway ;  and  is  not  many  miles  south 
of  the  Alaskan  boundary.  The  harbour  possesses  some  of  the 
greatest  advantages  on  the  coast.  It  has  a  direct  entrance 
channel  of  more  than  J  mile  width  and  is  of  nearly  11  square 
miles  in  area,  with  accommodation  for  the  largest  shipping. 
Preparations  are  in  hand  for  the  building  of  the  town,  and 
wharfage  is  already  constructed.  Before  many  years  the  terminus 
will  grow  up  into  a  model  city,  being  laid  out  from  the  outset 
upon  a  definite  and  comprehensive  plan,  under  the  undivided 
control  of  the  railway  company. 

Here  will  be  developed  one  of  the  largest  ports  in  Canada, 
whence  steamers  will  run  direct  to  China  and  Japan,  the  sea 
voyage  to  which  will  be  reduced  by  two  days ;  thus  providing 
the  shortest  route  between  Europe  and  Asia. 

This  is  rendered  possible  by  the  terminus  being  more  northerly 
than  any  other  existing  port,  the  Pacific  coast  trending  in  a 
north-westerly  direction,  and  thus  reducing  the  length  of  the 
sea  passage.      The    Grand   Trunk    Pacific   and    the    Canadian 
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Pacific  Eailways  will  together  provide  a  fine  tourist  route 
through  Canada,  travellers  being  able  to  go  out  West  by  one 
line  and  return  East  by  the  other ;  the  wonderful  coast  scenery 
between  Prince  Eupert  and  Vancouver  being  negotiated  by 
steamer. 

It  may  be  doubted  whether  many  of  those  who  use  this 
railway,  and  admire  the  unequalled  wonders  of  the  stupendous 
scenery  through  which  it  passes,  will  think  often  of  those  en- 
gineers who  took  their  lives  in  their  hands  in  order  to  locate 
and  construct  it.  A  member  of  this  Society  is  engaged  upon 
this  work,  and  the  following  facts  communicated  by  him  may 
not  be  out  of  place. 

Owing  to  the  urgency  of  the  case  the  pioneer  and  location 
work  has  had  to  be  carried  out  through  the  long  winter,  not- 
withstanding the  rigours  of  the  climate.  For  months  the  survey 
party  was  completely  cut  off  from  all  trace  of  civilisation, 
having  to  depend  for  food  upon  provisions  previously  hidden  in 
"  caches  "  by  the  Hudson  Bay  Company's  Traders.  These  were 
not  always  to  be  found,  when  actual  starvation  stared  the  party 
in  the  face,  it  being  impossible  to  send  several  hundred  miles 
through  the  trackless  forest  to  headquarters  for  food.  No  com- 
munication could  be  held  with  the  outside  world  as  no  letters 
could  be  delivered,  and  only  when  a  stray  Indian  party  was 
met  with,  was  there  any  opportunity  of  sending  news  to  civilised 
quarters. 

In  the  summer-time  there  were  dangers  from  accident  or 
disease  to  be  faced,  there  being  no  doctor  with  the  party,  and 
malarial  risks  and  incessant  discomforts  from  mosquitoes  and 
other  flies  were  prevalent.  So  numerous  were  the  latter  that 
nothing,  however  offensive,  rubbed  on,  would  keep  them  from 
the  surveyor's  face,  and  it  was  necessary  to  wipe  them  off  with 
the  hand  every  time  the  transit  was  used. 

At  times  the  surveyor  had  to  be  roped  to  a  tree,  or  suspended 
over  a  lofty  cliff,  in  order  to  set  a  transit  point,  and  progress 
was  so  impeded  by  the  fallen  trees  of  many  centuries  that  often 
only  a  few  yards  could  be  run  in  an  hour.  In  one  case,  after 
three  months  had  been  spent  in  carefully  locating  a  loop  line, 
the  work  was  stopped,  and  run  again  with  a  slightly  modified 
grade,  thus  eliminating  two  tunnels  through  solid  rock,  1600 
feet  and  900  feet  long,  and  making  the  line  2  miles  shorter. 

The  work  was  diversified  by  frequent  forest  fires,  which 
would  sweep  down  with  appalling  suddenness  and  encircle  the 
camp  with  flames  of  raging  fire,  leaping  up  to  150  feet  high, 
volumes  of  smoke  obscuring  everything  in  gloom,  while  an  in- 
tense heat  enveloped  all ;  and  only  after  an  unremitting  fight  of 
sometimes  three  or  four  days  and  nights  could  safety  be  secured. 
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In  the  winter  the  cold  was  intense,  the  thermometer  falling 
to  64°  below  zero  [as  contrasted  with  114°  in  the  shade  in  the 
summer].  Thus,  although  a  stove  was  burning  in  the  tent  all 
night,  the  water  in  a  pail  alongside  the  sleeper  would  be  frozen 
soHd,  and  moisture  from  his  breath  would  congeal  into  an  icy 
lump  on  the  blanket.  When  the  survey  was  done  the  party 
had  to  tramp  back  through  the  snow-clad  country  for  a  month, 
carrying  their  instruments  and  food,  as  the  horses  gradually 
died ;  and  after  suffering  the  greatest  risks  and  hardships,  they 
just  managed  to  struggle  back  to  safety,  after  a  final  day's  tramp 
of  45  miles,  with  a  temperature  of  40°  below  zero,  with  nothing 
to  eat ;  everyone  of  the  party  being  severely  frostbitten. 

Thus  is  rapidly  coming  into  existence  this  great  undertaking, 
which  will  open  up  to  civilisation  the  vast  agricultural  tracts  of 
the  North-West,  where  there  ai-e  enormous  areas  of  virgin  soil 
well  adapted  for  wheat  growing,  and  where  the  timber  and  rich 
mineral  resources  of  all  kinds  only  need  the  advent  of  railway 
communication  for  their  development ;  thus  providing  new  fields 
for  the  external  growth  of  the  Empire.  At  present,  although 
the  journey  across  Canada  occupies  five  or  six  days,  yet  the 
whole  population  does  not  exceed  that  of  London. 

The  first  of  these  trans- continental  railways  was  the  Cana- 
dian Pacific,  completed  in  1885,  and  wonderful  has  been  the 
consequent  development  of  the  country ;  the  Grand  Trunk 
Pacific  will  as  successfully  open  up  a  more  northerly  area 
across  the  Dominion,  at  present  untouched  and  undeveloped; 
and  it  may  be  confidently  predicted  that  the  time  will  come 
when,  yet  further  north,  railways  will  be  projected,  opening  up 
yet  newer  districts  to  the  civilizing  influence  of  the  human  race. 


In  my  former  Address  reference  was  made  to  the  scheme  for 
a  tunnel  between  England  and  France,  which  had  recently  been 
prominently  before  the  world.  A  commencement  had  been 
made  and  successfully  carried  out  for  upwards  of  a  mile  under 
the  sea  from  either  end,  when  political  and  military  considera- 
tions put  a  stop  to  the  work. 

Last  year  the  project  was  revived,  the  English  engineers 
being  Sir  Douglas  Fox  and  Partners,  in  consultation  with  Mr. 
Francis  Brady,  the  engineer  of  the  Channel  Tunnel  Company, 
who  prepared  tlie  necessary  plans,  sections  and  estimates,  in 
order  to  obtain  Parliamentary  authority  for  proceeding  with 
the  work. 

It  is  evident  from  these,  and  from  the  exhaustive  reports  of 
the  engineers  of  both  nations,  tliat  no  serious  engineering  diffi- 
culty was  to  be  apprehended  in  the  successful  carrying  out  of 
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this  great  work  in  the  course  of  seven  or  eight  years,  and  every 
precaution  for  the  protection  of  either  country  from  the  unlawful 
use  of  the  tunnel  was  amply  provided  for. 

After  considerable  delay  political  and  military  considerations 
again  put  a  stop  to  the  project,  and  it  is  worthy  of  note  that  no 
opportunity  was  afforded  for  proper  consideration  of  the  scheme 
from  the  engineering  point  of  view.  It  is,  however,  evident 
that,  had  the  opportunity  been  provided,  the  engineers  would 
have  demonstrated  their  ability  to  triumph  over  all  difficulties. 
In  the  words  of  their  report :  "  Summing  up  the  engineering 
questions  relating  to  the  proposed  tunnel,  we  agree  with 
M.  Sartiaux  and  Mr.  Brady  in  the  opinion  that  the  enterprise 
is  one  that  can  be  carried  out  with  certainty,  and  at  compara- 
tively moderate  cost ;  the  geological  and  other  conditions  being 
of  an  exceptionally  favourable  character  for  the  construction 
of  a  submarine  tunnel." 

We  may  yet  see  this  grandest  of  all  engineering  conceptions 
brought  to  a  successful  issue. 


Simultaneously  with  the  enforced  abandonment,  for  the 
time,  of  the  Channel  Tunnel,  we  have  seen  the  revival  of 
another  old  idea,  advocated  by  Sir  John  Fowler  and  other  engi- 
neers, for  better  linking  up  the  two  friendly  nations ;  the 
"  Channel  Ferry  "  scheme  having  recently  received  Parliamen- 
tary sanction. 

Year  by  year  it  is  becoming  increasingly  evident  that  some 
scheme  of  cross-channel  communication,  whereby  unbroken 
through  transit  may  be  provided,  is  urgently  needed.  In  the 
case  of  passengers  it  cannot  fail  to  be  of  great  advantage  that 
they  should  be  able  to  travel  in  a  through  carriage  from,  say, 
London  to  Paris,  or  further ;  thus  avoiding  the  frequently  un- 
pleasant experience  of  embarking  and  disembarking  at  Dover 
and  Calais. 

This  is  often  looked  upon  as  an  exaggerated  drawback ;  but, 
although  much  has  been  done  to  mitigate  the  discomfort  attend- 
ing the  transfer  of  passengers  and  their  belongings  from  train  to 
steamer  and  vice  versa,  the  process  is  still  far  from  satisfactory, 
even  in  good  weather ;  while  under  the  more  usual  conditions 
of  doubtful  or  bad  weather  during  embarkation,  which  often 
takes  place  at  unseasonable  hours  ;  and  the  impossibility  of 
securing  a  restful  journey,  unbroken  by  periodical  enforced 
disturbances,  the  possibility  of  being  able  to  journey  in  the 
same  carriage  throughout  cannot  fail  to  be  attractive  to  the 
average  traveller.  It  is  significant  that  railway  companies  are 
yearly  adding  to  their  through  trains,  which  are  increasingly 
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popular ;  though  the  discomforts  of  changing  from  train  to  train, 
under  cover  of  a  station  and  unexposed  to  the  elements,  are 
not  to  be  compared  to  those  which  are  usually  prevalent  at 
a  seaport. 

The  Channel  Ferry,  however,  is  not  primarily  dependent  so 
much  upon  its  passenger  as  upon  its  goods  traffic.  When  it 
is  considered  that,  under  the  present  arrangements,  all  goods 
must  be  shifted  at  least  twice  in  crossing  the  Channel,  it  is 
obvious  that  considerable  deterioration  must  ensue ;  and  that 
not  only  is  there  the  additional  cost  of  transhipment,  amounting 
in  many  cases  to  as  much  as  2s.  6d.  per  ton,  but  there  is  also  the 
loss  of  time  to  be  considered,  which  in  the  case  of  perishable 
articles  becomes  a  matter  of  vital  consequence. 

If  goods  could  be  packed  at  the  works  direct  into  trucks, 
and  then  sent  undisturbed  through  to  their  cross-channel  desti- 
nation, it  is  estimated  that  they  could  compete,  in  many  cases, 
with  continental  markets,  which  is  now  out  of  the  question.   • 

The  abolition  of  the  old  broad-gauge  system  in  this  country, 
which  was  just  completed  at  the  time  of  my  last  Address,  was 
chiefly  due  to  the  inconvenience  and  loss  consequent  upon 
break  of  gauge  at  points  of  contact  between  the  broad  and 
narrow  gauge  systems,  and  is  a  cogent  argument  in  favour  of 
through  carriage  for  goods. 

The  cost  of  the  "  Channel  Tunnel/'  including  approach  lines, 
sidings,  land,  engineering  and  other  expenses,  is  estimated  at 
8,000,000^.  for  the  British  half,  or,  say,  16,000,000/.  altogether. 
The  cost  of  a  "  High  Level  Channel  Bridge,"  which  has  been 
proposed  as  an  alternative,  is  given  as  40,000,000/. ;  and  both 
of  these  are  to  some  extent  untried  methods  of  crossing  such  a 
gulf.  The  Channel  Ferry  scheme,  however,  will  be  far  less 
costly,  involving  an  outlay  of  not  more  than  1,000,000/. ;  it  is 
moreover,  by  no  means  of  an  experimental  nature ;  many  such 
ferries  having  been  in  successful  operation  in  various  parts  of 
the  world  for  many  years.  Indeed  it  should  be  noted  that  this 
country  was  a  pioneer  in  this  method  of  conveyance ;  for,  nearly 
50  years  ago,  the  North  British  Eailway  introduced  one  across 
the  Firth  of  Forth  at  Granton,  and  one  across  the  Tay  at  JJ)undee, 
for  the  express  purpose  of  avoiding  transhipment  of  goods. 

At  the  present  day  there  are  between  80  and  90  train  ferries 
in  operation  in  the  world.  Of  these  8  are  Danish ;  the  longest, 
having  a  run  of  20  miles,  carrying  with  the  greatest  regularity 
4  trains  daily  which  run  from  Berlin  to  Copenhagen  ;  the  average 
time  occupied  in  transferring  the  train  to  the  steamer  and  getting 
it  under  way  being  6  minutes.  Upwards  of  70  of  the  train 
ferries  are  American,  several  having  a  run  of  nearly  100  miles. 
Some  of  these  vessels  have  a  tonnage  of  3500,   a  length  of 
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425  feet  and  a  width  of  64  feet,  and  are  capable  of  carrying 
27  passenger  or  42  goods  cars ;  while  it  should  be  remembered 
that,  though  the  conditions  which  they  have  to  meet  are  far 
more  trying  than  would  be  the  case  in  the  English  Channel — 
storms  of  unequalled  violence  being  of  no  infrequent  occurrence 
on  the  Great  Lakes,  while  ice  4  feet  thick  has  often  to  be  con- 
tended with — yet  it  is  very  seldom  that  any  interruption  takes 
place  in  the  carrying  out  of  the  train  ferry  service  throughout 
the  year. 

The  Channel  Ferry  scheme  involves  the  building  of  suitable 
steamboats  for  carrying  trains  quickly  and  safely  across  the 
English  Channel ;  the  adaptation  of  existing  harbour  accommoda- 
tion for  berthing  the  boats ;  and  the  provision  of  adequate  means 
for  transferring  trains  from  the  quay  to  the  boats  and  vice 
versa.  The  fact  that  these  matters  are  in  the  hands  of  our 
Honorary  Members,  Sir  John  Wolfe-Barry  and  Sir  William 
Henry  White,  and  of  M.  Sartiaux,  the  eminent  engineer-in-chief 
of  the  Northern  Eailway  of  France,  is  a  guarantee  of  their 
successful  accomplishment. 

The  boats  for  the  conveyance  of  the  trains  will  be  approxi- 
mately 350  feet  long  and  60  feet  beam,  and  of  great  steadiness 
and  sea  worthiness,  capable  of  carrying  a  train  load  of  600  tons, 
and  fitted  with  bascule  ends  for  the  protection  of  the  trains 
while  crossing.  They  are  to  be  fitted  with  triple  expansion 
twin-screw  engines  of  4000  H.-P.,  and  are  to  run  at  a  speed 
of  17  knots  ;  they  will  be  of  the  single  deck  type,  with  complete 
superstructures  fore  and  aft,  under  which  the  train  will  be 
sheltered,  the  shipping  and  unshipping  being  done  from  the  bows. 

They  will  provide,  for  passengers  who  care  to  leave  their 
carriages  during  the  passage,  all  the  comforts  of  a  first-class 
railway  station,  protected  from  the  weather  and  well  lighted, 
with  waiting,  refreshment,  and  smoking  rooms,  and  platforms 
for  promenade. 

It  is  proposed  that  the  trains  shall  be  transferred  to  and 
from  the  boats  by  the  "  Passerelle,"  or  movable  bridge  system. 
This  consists  of  a  steel  structure  300  feet  long,  hinged  at  the 
shore  end,  the  outer  end  being  supported  by  counterbalance 
weights,  and  capable  of  being  raised  or  lowered  as  may  be 
required.  At  the  end  of  this  is  an  independent  apron,  the 
outer  extremity  of  which  is  to  communicate  with  the  boat,  all 
the  adjustment  being  electrically  operated. 

Shortly  before  the  time  for  the  landing  of  a  train  the  movable 
bridge  will  be  brought  to  the  inclination  necessitated  by  the 
state  of  the  tide — which  at  Dover  has  a  maximum  range  of 
24  feet — and  will  be  fixed  in  position  by  an  ingenious  system 
of  electrical  interlocking.     The  apron  will  then  be  raised,  and 
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as  soon  as  the  boat  is  berthed  will  be  lowered  on  to  the  end  of 
it  ready  for  the  immediate  passage  of  the  train.  The  whole 
of  these  operations  will  be  under  the  direction  of  one  man,  who 
from  liis  cabin  in  the  framework  of  the  bridge  will  have  under 
his  eyes  all  the  safety  and  controlling  apparatus. 

It  may  be  mentioned  that  there  is  practically  no  difference 
in  the  gauge  of  the  English  and  Frencli  railways,  an  experi- 
mental truck  having  been  run  from  the  South  of  France  to 
Dieppe  and  from  Newhaven  to  London.  Such  slight  modifica- 
tions to  the  platforms,  etc.,  as  may  be  required  in  this  country, 
in  order  to  permit  all  existing  rolling  stock  to  pass,  will  be 
easily  carried  out.  Similar  modifications  have  been  made  on 
the  Western  Eailway  of  France,  which  was  originally  constructed 
by  English  engineers  ;  it  is  probable,  however,  that  special  rolling 
stock  for  passengers  may  be  introduced. 

It  is  estimated  that  the  C[uay  works  at  Dover  and  Calais 
will  cost  400,000/.,  with  an  additional  70,000/.  for  the  lifts,  and 
the  three  ferry  steamers  400,000/. 

The  British  and  French  Governments,  and  public  opinion 
generally,  being  favourable  to  the  construction  of  the  Channel 
Ferry,  the  success  of  the  undertaking  appears  to  be  assured. 
It  cannot  be  doubted  that  the  increased  speed  and  trustworthi- 
ness of  the  transit  thus  provided  will  tend  to  a  large  increase 
of  the  traffic  between  this  and  other  countries.  It  is  indeed 
almost  inconceivable  that  the  goods  carried  at  present  between 
the  Ports  of  Dover,  Calais,  Folkestone  and  Boulogne  amount 
to  a  total  of  less  than  150,000  tons  per  annum ;  while  across 
Chesapeake  Bay,  for  example,  the  annual  amount  is  upwards  of 
700,000  tons.  It  is  obvious  that  it  must  be  to  the  interest  of 
the  English  railway  companies  to  promote  this  undertaking,  by 
which  their  passenger  and  goods  traffic  will  be  so  largely  in- 
creased ;  and  it  is  to  be  hoped  that  they  will  not  rest  satisfied 
with  a  merely  "  expectant  attitude,"  but  that  their  united  support 
may  be  forthcoming,  so  that  the  Channel  Ferry  between  Dover 
and  Calais  may  be  inaugurated  without  delay :  its  assured 
success  will  lead  to  the  opening  up  of  train  ferry  routes  to  other 
ports  in  the  Channel,  in  Ireland,  and  other  places. 


The  education  of  an  engineer  is  of  so  great  importance  that 
I  need  not  apologize  for  alluding  to  the  subject  here. 

Engineering  has  been  well  defined  as  "  The  Application  of 
Common  Sense  to  Raw  Materials."  Taking  this  definition  as 
the  basis  of  my  remarks,  I  hope  to  demonstrate  that  the  training, 
the  evolution,   of  an  engineer   is  a  legitimate  and  important 

c 


18  INAUGURAL   ADDRESS   OF   THE   PRESIDENT. 

branch  of  our  profession ;  it  may  indeed  be  considered  the  most 
important,  for  who  but  a  good  engineer  is  likely  to  produce 
good  engineering  work  ? 

The  engineer  who  desires  to  produce  a  special  article  from 
the  raw  material  has  a  long  and  intricate  process  to  carry  out. 

He  must  take  the  ore,  with  all  its  superfluous  adjuncts ;  and 
by  calcining  reduce  it  to  a  more  amenable  condition.  He  must 
then  subject  it  to  the  evolutionary  action  of  the  blast  furnace ; 
where,  by  the  application  of  a  correct  temperature  and  the 
judicious  co-operation  of  other  influences,  the  compara- 
tively pure  metal,  freed  from  most  of  its  deleterious  and 
superfluous  drawbacks,  may  be  gathered  in  the  crucible,  and 
drawn  off  from  time  to  time  as  required  for  the  purposes  of 
manufacture. 

Then,  by  subjecting  the  product  to  the  requisite  further  treat- 
ment, he  finds  at  his  disposal  cast  or  wrought  iron,  or  some 
form  of  steel,  which  he  can  proceed  to  manipulate  in  the  neces- 
sary sequence  of  machine  tools :  until  at  last  he  produces  the 
finished  article,  be  it  a  Forth  Bridge,  or  a  steam  cylinder,  a 
Dreadnought,  or  a  steel  pen. 

Here  we  may  have  an  application  to  the  raw  material  of 
common  sense,  the  outcome  of  many  years'  experience  of  many 
minds,  by  which  means  alone  we  can  hope  to  achieve  our  ends, 
and  to  produce  an  ornamental  and  reliable  article  upon  which 
we  can  depend  to  fulfil  its  required  duty. 

Thus,  by  analogy,  we  may  say  that  we  take  the  youth  who 
is  to  become  an  engineer,  the  raw  material  [in  no  offensive 
sense],  knowing  that  there  the  necessary  percentage  of  pure 
metal  may  lie  at  present  concealed.  We  frame  his  early  train- 
ing so  as  to  remove  as  much  as  possible  of  the  unnecessary 
adjuncts ;  such  as  lack  of  responsibility,  and  ignorance  of  the 
prosaic  but  important  details  of  spelling,  writing  and  gram- 
matical expression,  and  of  elementary  science. 

We  then  place  him  where,  by  the  judicious  surroundings 
and  cumulative  influence  of  carefully  combined  practical  and 
theoretical  training  [not  the  "  Sandwich,"  but  the  "  Cake " 
system]  applied  by  those  who  are  experts  in  hoth  these  matters, 
and  who  are  competent  to  study  the  individual  effects  of  the 
treatment,  we  may  hope  to  produce  something  more  nearly 
appi*oaching  pure  metal. 

Now  let  us  treat  this  product  further,  according  to  our 
ultimate  needs ;  duly  considering  what  we  have  got  to  work 
upon,  and  not  endeavouring  or  expecting  to  produce,  as  it  were, 
a  Forth  Bridge  from  that  which  is  better  fitted  to  become  a 
steam  cylinder. 

Thus  we  may  hope  to  be  successful  in  our  engineering  out- 
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put.  But  to  commence  halfway,  or  to  relax  the  blast,  or  let  the 
temperature  fall,  or  to  ignore  any  of  the  obvious  indications  of 
unsuitability  during  the  process,  or  to  expect  all  the  portions  of 
our  output  to  be  absolutely  identical,  would  be  so  fatal  to  the 
success  of  our  undertaking,  that  we  cannot  imagine  it  taking 
place  in  our  ironworks. 

Why  then  should  it  be  so  common  an  occurrence  in  the 
production  of  an  engineer?  It  is  evident  that  the  fault  does 
not  lie  altogether  with  the  raw  material,  but  rather  with  the 
lack  of  common  sense  which  we  bring  to  bear  upon  it ;  and  it 
is  indeed  a  serious  fact  that,  day  by  day,  our  leading  boys'  schools 
are  placing  upon  the  market  improperly  developed  material ; 
from  which  it  is  either  hopeless  to  expect  a  product  of  the 
highest  class,  or  else  at  least  the  process  must  be  much  more 
prolonged  and  costly  than  is  necessary. 

Charles  Dickens  described  one  of  his  characters  as  having 
been  "  educated  in  no  habits  of  application  and  concentration. 
The  system  which  had  addressed  him  in  exactly  the  same  manner 
as  it  liad  addressed  hundreds  of  other  boys,  all  var3d.ng  in 
character  and  capacity,  had  enabled  him  to  dash  through  his 
tasks,  always  with  fair  credit,  and  often  with  distinction ;  but 
in  a  fitful,  dazzling  way  that  had  confirmed  his  reliance  on  those 
very  qualities  in  himself  which  it  had  been  most  desirable  to 
direct  and  train.  They  were  great  qualities,  without  which  no 
high  place  can  be  meritoriously  won ;  but,  like  fire  and  water, 
though  excellent  servants  they  were  very  bad  masters.  If 
they  had  been  under  his  direction  they  would  have  been  his 
friends ;  hut  he  being  under  their  direction  they  became  his 
enemies." 

Richard  Carstone's  career  was  a  disastrous  failure ;  and  who 
sliall  say  that  what  the  Master  thus  pictured  for  us  half  a  century 
ago  is  altered  for  the  better  to-day  ? 

Consider  but  the  one  detail,  already  mentioned,  of  writing 
correctly  and  grammatically.  This  must  be  insisted  upon  from 
the  outset,  for  without  it  we  all  know  how  seriously  a  man  is 
at  a  disadvantage,  in  our  own,  or  in  other  professions ;  and  it  is 
only  with  the  greatest  difficulty  that  it  can  be  acquired  later 
on  in  life. 

Let  us  call  upon  our  Public  Schools  to  refuse  admission  to 
any  boy  who  is  not  capable  of  expressing  himself  in  good 
English,  with  good  handwriting  and  good  spelling ;  the  Pre- 
paratory Schools  will  soon  see  to  it  that  these  matters  are 
properly  attended  to  at  the  proper  time. 

As  samples  of  what  I  am  referring  to,  let  me  give  the  following 
from  an  unlimited  supply  : — 

c  2 
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Unreliahle  spelling. 

Sii'kul ;  Athmesphear ;  Chork  ;  Fiewel ;  Anthrowsight ;  Sque- 
back. 

Unreliahle  description. 

"  The  heating  serf  ace  of  a  horezontal  seylenderical  l^oyler 
with  heavy  sperical  ends." 

"  Slip  means  the  water  is  unstaple.  A  ship  cannot  go  straight 
against  a  fowl  wing  it  is  always  sliping  back." 

"  Power  required  for  repulsion  increases  the  speed  of  the  cube." 

"  The  superstructure  of  a  bridge  is  put  up  by  divers,  whose 
dress  is  made  of  one  piece  of  indiarubber  tube  lined  with  wire." 

Unreliahle  calculation. 

Height  of  atmosphere  above  the  earth,  3  feet. 

Elevation  of  outer  rail  on  curve,  10  feet. 

]S^umber  of  J-inch  spherical  bullets  in  1  cwt.  of  lead,  *02. 

Velocity  of  steamer,  13  inches  per  hour. 

Power  to  be  applied  to  spanner,  6,000,000  lb.  or  214,000 

men. 
Time  to  bore  a  cylinder,  43  years. 

The  above  will  suffice  to  show  the  capabilities  of  some  who 
have  passed  through  what  are  called  good  boys'  schools,  who  have 
been  much  handicapped  in  their  pursuit  of  success  in  the  engi- 
neering profession. 

Piecently  the  Head  Master  of  one  of  our  great  Public  Schools 
has  expressed  his  opinion  "  that  too  much  time  is  devoted,  in 
many  instances,  to  the  study  of  Greek,  and  that  science  may 
rightly  claim  its  fair  share  of  educational  time."  Let  us  hope 
that  such  an  enlightened  opinion  may  have  other  supporters ; 
so  that  a  more  rational  training  may,  from  the  outset,  be  avail- 
able for  the  average  boy ;  who  is  probably  not  fitted  to  shine  as 
a  classical  scholar,  but  whose  future,  and  the  future  of  his 
country,  demand  that  he  shall  be  impregnated,  at  that  age 
when  impressions  are  most  easily  perpetuated,  with  those 
matters  of  practical,  everyday  importance,  ^\■iLhout  which  he 
cannot  hope  to  hold  his  own  in  the  strenuous  life  of  to-day ; 
far  less  to  take  a  leading  place  in  the  pioneer  work  of  the  world. 

I  say,  witli  confidence,  to  those  who  are  ''  educating "  our 
boys  in  this  country,  that  they  have  great  opportunities  which 
they  do  not  always  utilise  to  the  full. 

As  I  have  stated  elsewhere,  "  No  one  would  desire  to  under- 
rate the  value  of  the  magnificent  school  influence  and  esprit  de 
corps  inculcated  by  our  great  public  schools.  But  the  same 
amount  of  energy,  etc.,   directed   more  wisely  by  those  who 
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teach,  as  well  as  by  those  who  control  the  course  of  teaching, 
should  certainly  produce  a  far  more  efficient  race  of  men,  and 
especially  of  engineers.  Without  some  such  modification  this 
country  will  not  easily  continue  to  hold  her  own  in  the  com- 
petition of  the  nations ;  but  with  it  she  will  easily  hold,  and 
continue  to  maintain,  the  lead." 


Before  concluding  I  desire  to  bear  testimony  to  the  great 
improvement  which  has  of  late  years  characterised  the  treat- 
ment of  the  engineer  in  the  unprofessional  press. 

In  former  years  many  remarkable  statements  were  met  witli 
from  time  to  time.  The  following  explanation  in  reference  to 
a  railway  accident,  from  a  leading  daily  paper  of  30  years  ago, 
may  serve  as  an  example  :  "  There  are  two  methods  of  running 
over  a  curve.  If  the  driver  uses  the  first  of  these,  he  gets  up  a 
good  pace,  and,  the  moment  the  curve  commences,  shuts  off  his 
steam,  opens  his  regulator,  and  so  runs  round  the  dangerous 
corner  with  a  long,  steady,  easily  going  stroke.  The  second 
method  is,  as  the  curve  approaches,  to  shorten  the  stroke  of  the 
piston,  clap  on  full  steam,  and  pass  the  turning  by  trusting  to 
the  category  of  chances ;  as  a  skilled  skater  mil  rush  across 
rotten  ice,  tlrrough  which  a  novice  would  inevitably  break." 

Such  a  description  would  hardly  be  possible  at  the  present 
^'ijj  yet  it  was  with  somewhat  of  a  shock  that  we  read  in  a 
paper  recently  that  the  "  Fortli  Bridge  with  its  three  great  towers, 
and  its  centre  span  of  over  a  mile,  are  familiar  to  all " ;  and 
that  in  the  Tay  Bridge  of  1879  "  The  entire  bridge  was  blown, 
by  a  tremendous  storm,  into  tlie  water " ;  while  the  Queljec 
Cantilever  l>ridge,  whose  recent  lamentable  failure  called  forth 
these  recollections,  was  described  as  a  "  great  suspension  bridge." 

I  would  also  urge  that  due  recognition  should  be  given  to 
the  engineer  when  the  inauguration  is  described  of  some  new 
undertaking,  to  which  he  has  probably  devoted  years  of  care 
and  responsibility,  and  which  owes  its  success  to  his  experience 
and  scientific  ability.  Yet  how  often  do  we  see  the  names  of 
the  civic  authorities,  or  government  or  borough  magnates, 
prominently  recorded  in  the  daily  papers  in  connection  with 
some  gi'eat  achievement ;  while  the  engineer  is  either  ignored 
altogether,  or  is  mentioned  casually  later  in  the  proceedings. 
Instances  of  this  may  be  found  in  the  press  notices  of  the 
opening  of  the  Simplon  Tunnel  and  the  Great  Central  Kailway ; 
and  of  the  new  Egyptian  Kailway  last  week. 

The  great  temple  builders  of  old  cut  their  names  deeply  in 
the  stone  of  their  edifices,  and  covered  them  with  a  cement  layer. 
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iu  which  appeared  the  title  of  the  monarch  under  whom  the 
structure  was  reared ;  being  content  to  await  a  permanent,  if 
posthumous,  renown.  To-day  it  seems  but  reasonable  that  the 
engineer  should  at  least  have  an  equal  share  of  credit  with  those 
who  afforded  him  his  opportunity. 


Finally,  Gentlemen,  let  me  reiterate  my  opinion  that  there 
is  no  more  comprehensive  or  delightful  profession  than  our  own  ; 
none  that  calls  for  more  whole  hearted  devotion  on  the  part  of 
its  followers ;  none  that  is  greater  in  its  unlimited  possibilities, 
or  in  its  noble  object  of  increasing  the  welfare  of  mankind. 

We  have  but  to  endeavour  to  realize  what  life  in  this  20th 
Century  would  be,  if  everything  which  we  owe  to  engineering 
progress  were  eliminated  from  it,  to  get  some  faint  idea  of  what 
the  world's  indebtedness  to  it  includes.  And,  wonderful  as  has 
been  its  development  in  the  past,  who  shall  say  that  there  is 
not  a  yet  greater  future  before  it  ? 

I  have  not  endeavoured  to  prophesy  to  you  in  detail ;  to  do 
so,  even  in  outline,  would  take  too  long,  even  were  it  desirable. 
Yet  every  year  fresh  fields  are  opened  up  to  our  investigation 
and  enterprise.  Turn  where  we  will  the  engineer  and  the 
scientist,  working  hand  in  hand,  are  reaching  forth  to  yet  greater 
achievements.  What,  for  example,  may  we  not  expect  from 
mechanical  propulsion,  on  sea,  on  land,  or  in  the  air  ?  Who 
will  set  a  limit  to  the  size  and  speed  of  our  great  ocean  liners, 
or  our  internal  combustion  engines  ?  Who  will  deny  the  possi- 
bilities of  wireless  telegraphy,  or  set  a  bound  to  what  will  be 
done  by  the  practical  application  of  electricity,  about  which  we 
even  now  know  so  little  ? 

Let  us  see  to  it  that,  while  we  reverence  the  past  achieve- 
ments of  our  forefathers,  we  do  not  neglect  our  own  present 
opportunities ;  so  that  we  may  not  hide  our  inheritance  in  a 
napkin,  but  may  hand  it  on,  increased  a  hundredfold,  to  those 
who  in  their  turn  will  soon  be  looking  back  upon  that  which  we 
have  done  in  our  generation ;  for,  as  Tennyson  has  told  us, 

"  As  we  surpass  our  Father's  skill 
Our  Sons  will  shame  our  own ; 
A  thousand  things  are  hidden  still, 
And  not  a  hundred  known." 
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Mr.  Diogo  A.  Symons :  Mr.  Chairman  and  Gentlemen,  it 
is  my  pleasing  duty  this  ev^ening  to  propose  a  hearty  vote  of 
thanks  to  the  President  for  his  address,  and  I  am  sui-e,  gentle- 
men, this  vote  of  thanks  you  will  all  most  readily  give.  The 
address  was  a  most  interesting  and  instructive  production,  and 
will  form  a  valuable  adjunct  to  our  minutes.  This  address,  as 
we  know,  is  not  open  to  discussion,  but  I  should  just  like  to 
refer  to  Mr.  Wilson's  remarks  about  the  Channel  tunnel. 
During  the  last  few  months  I  have  had  business  in  France,  and 
in  the  future  will  be  continually  going  backwards  and  forwards. 
I  only  wish  there  was  a  tunnel.  1  came  over  from  Dieppe 
about  three  weeks  ago,  and  suffered  three  and  a  half  hours' 
misery.  I  have  very  much  pleasure  in  proposing  this  vote  of 
thanks. 

Mr.  Butler :  Gentlemen,  I  have  very  much  pleasure  in 
seconding  the  vote  of  thanks.  Like  Mr.  Symons,  the  proposer, 
I  am  also  rather  regretting  that  there  is  no  discussion  upon  the 
address,  since  there  are  several  points  which  one  would  like  to 
talk  about.  For  instance,  with  reference  to  the  Channel  tunnel, 
Channel  ferry,  etc.,  our  President's  description,  as,  I  suppose, 
it  was  meant  to  be,  of  mal  de  iner  strikes  me  as  very  apt  when 
he  referred  to  it  as  "  periodical  enforced  disturbances." 
(Laughter.)  One  other  remark,  gentlemen,  with  regard  to 
spelling,  of  which  we  have  heard  some  amusing  examples.  I 
remember  some  years  ago,  when  I  was  about  ten  or  twelve  years 
old,  playing  that  old  game  of  spelling  letters — giving  one 
another  groups  of  letters  to  make  into  a  word.  A  schoolfellow 
of  mine  gave  me  four  letters,  e,  s,  u,  g.  Well,  I  puzzled  over 
them  for  a  long  time,  and  could  make  nothing  of  them,  and 
finally  asked  him  what  the  word  was  meant  to  be.  He  said, 
"  g,  u,  s,  e — goose  "  1 ! !  I  am  afraid,  gentlemen,  I  am  rather 
wandering  away  from  the  point,  but  I  have  great  pleasure 
in  seconding  the  vote  of  thanks  to  our  President  for  his 
address. 

The  President:  Mr.  Symons,  Mr.  Butler,  and  Gentlemen, 
1  thank  you  for  your  kindness  and  appreciation ;  it  is  good  of 
you  to  have  listened  for  so  long  to  what  I  have  had  to  say.  I 
hope  that  we  are  now  starting  upon  a  year  which  will  be  a 
"  record  "  for  the  Society  in  the  way  of  successful  progress.  All 
that  I  have  now  to  do  is  to  ask  you  and  all  our  other  members, 
to  support  the  Council  at  our  meetings  and  at  our  visits.  The 
least  I  think  we  can  do,  when  an  author  comes  here  to  read  us 
a  paper,  is  that  we  should  all  show  our  appreciation  by  being 
present,  even  if  we  do  not  take  part  in  the  discussion.  The 
same  remark  applies  to  our  visits.  I  know  that  during  tins  past 
year  we  have  inevitably  suffered  a  little,  because  our  President 
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has  not  been  able  to  be  with  us.  This  year  the  President,  as 
far  as  I  can  see,  is  not  likely  to  be  in  China,  so  I  need  only  say 
that  I  shall  very  much  appreciate  it,  gentlemen,  and  so  will  all 
the  Council,  if  you  and  your  friends  will  be  frequently  present, 
and  so  help  us  in  our  work  for  the  Society  during  the  year. 
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March  2nd,  1908. 

TEEATMENT   AND   FORMATION   OF 
EOAD   SURFACES. 

By  a.  J.  Metcalfe,  M.S.E. 

MEMB.    OF   THE   ASSOC.    OP   MUNICIPAL   AND    COUNTY    ENGINEERS. 

Introductory. 

One  of  the  most  important  and  absorbing  questions  which  is, 
and  has  been  for  some  years,  engaging  the  attention  of  road 
engineers  and  road  users,  as  well  as  of  those  who  have  the  mis- 
fortune to  reside  near  a  busy  highway,  is  that  known  as  '*  dust 
prevention."  Tiie  motorcar  has  no  doubt  been  the  cause  of  the 
present-day  importance  of  this  question,  and  of  the  prominence 
of  this  subject  in  the  public  mind.  The  author  does  not  think 
it  requires  any  apology  from  him,  when  submitting  a  paper  of 
this  kind  for  the  consideration  of  the  Society,  as  the  subject  is  not 
only  of  interest  to  road  engineers,  but  in  a  measure  it  is  important 
to  all  engineers,  as  well  as  to  the  general  public.  Before  pro- 
ceeding with  this  suljject  it  will  probably  be  advisable  to 
indicate  how  the  construction  of  motor  cars  might  be  improved, 
so  as  to  lessen  the  nuisance  caused  by  them  on  our  highways. 

Motor  Car  Construction. 

It  is  evident  to  anyone  who  has  noticed  the  construction  of 
the  underside  of  a  car-body,  that  there  are  generally  several 
uneven  and  abrupt  projections,  and  these,  together  with  the 
small  vertical  space  between  the  body  of  the  car  and  the  road- 
way, are  the  cause  of  much  of  the  dust  trouble,  and  in  next 
year's  designs  of  cars,  several  makers  are  constructing  them  still 
nearer  the  roadway,  which  will  certainly  aggravate  this  already 
nearly  intolerable  state  of  affairs.  Unless  something  is  done 
immediately  in  the  general  improvement  of  the  surfaces  of  many 
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of  our  roads  -  which  is  not  probable — there  will  arise  a  much 
more  serious  and  strenuous  opposition  to  quick  travelling  cars 
than  we  have  known  hitherto,  resulting  in  more  stringent  laws 
and  regulations  for  the  control  of  this  kind  of  traffic. 

The  nearer  the  roadway  the  body  of  the  car  is,  the  lower  will 
be  its  centre  of  gravity,  thus  when  travelling  quickly  round  a 
sharp  corner,  or  any  other  quick  change  of  direction,  the  ten- 
dency to  overturn  will  be  reduced.  To  ensure  the  safety  of 
other  traffic  using  the  same  roads,  all  corners  should  be  nego- 
tiated slowly,  and  the  alteration  in  next  year's  cars  will  be  of 
little  advantage  to  anyone,  but  will  rather  be  a  source  of  danger, 
as  these  awkward  corners  will  be  taken  at  a  higher  and  there- 
fore more  dangerous  speed  by  many  drivers,  and  accidents  will 
probably  be  the  chief  result  of  the  alteration. 

Eoad  engineers  do  not  wish  to  be  unreasonable  or  to  ask  for 
anything  impossible — in  car  construction— when  they  ask  that 
no  projections  be  allowed  on  the  underside  of  cars,  and  that  they 
be  so  shaped  as  to  reduce  to  a  minimum,  all  eddying  and  scurry- 
ing of  the  air  or  wind  under  the  car,  as  the  latter  passes  over 
the  road,  for  it  is  generally  conceded  that  these  abrupt  projec- 
tions, coupled  with  the  other  error  spoken  of,  cause  more  dust 
disturbance  than  tyres. 

Some  Difficulties  Eetarding  the  Improvement  of 
Eoad  Surfaces. 

What  concerns  all  road  engineers  mostly  is  the  fact  that 
present-day  roads  and  methods  of  repair  are,  in  many  cases, 
utterly  unsuitable  for  present-day  needs.  During  a  continuance 
of  dry  weather,  on  nearly  all  our  highways,  we  are  constantly 
reminded  of  this  fact.  One  cannot  go  along  any  important 
"  through  "  road  in  fine  weather — that  is,  any  road  made  without 
the  aid  of  some  bituminous  binder — without  being  nearly  choked 
with  dust ;  and  longsuffering  though  the  British  public  is  reputed 
to  be,  yet  it  will  ere  long  demand,  in  no  uncertain  voice,  a 
remedy,  either  by  the  abolition  of  the  motor  car  from  our  roads, 
or  else  by  the  making  of  the  roads  more  suited  to  this  traffic. 
As  the  motor  car  and  other  self-propelled  vehicles  have  un- 
doubtedly come  to  stay,  there  is  nothing-  for  it  but  to  devise 
some  means  of  ameliorating,  if  not  of  abolishing,  this  trouble, 
by  improving  the  materials  and  methods  now  in  use  on  many 
of  our  roads.  Whether  the  recently-reported  discovery  of 
Edison  will  revolutionise  the  method  of  propulsion  of  these 
vehicles  remains  to  be  seen,  and  whether  in  doing  so  the  inven- 
on  will  tend  to  reduce  the  dust  nuisance,  can  only  be  proved 
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by  events  ;  but  road  engineers  fully  recognise  that  some  method 
or  methods  of  making  roads  more  suited  to  the  change  of  traffic 
is  indispensable,  and  a  road-surface  has  to  be  found  which  is 
suited  not  only  to  the  rapid  travelling  motor  car,  but  also  to 
the  heavy  motor  lorry,  the  traction  engine,  all  kinds  of  light 
and  heavy,  quick-moving  and  slow-moving  horse  traffic,  as  well 
as  to  the  pedestrians.  To  make  a  thoroughly  satisfactory,  dur- 
able roadwtty,  at  a  reasonable  cost,  suited  to  the  varieties  of 
traffic  just  mentioned,  is  no  easy  matter,  in  fact  many  roaa 
engineers  assert  it  is  an  impossibility  to  do  so,  and  the  more  one 
studies  the  question  in  relation  to  the  traffic,  and  the  more  one 
experiments  both  in  materials  and  methods,  the  more  difficult, 
in  some  respects,  does  the  problem  become,  for  what  is  suitable 
to  one  class  of  traffic  in  a  road-surface,  is  unsuitable  to  another, 
and  vice  cersd. 

Then  having  discovered  a  suitable  material,  and  a  satisfac- 
tory method  to  meet  the  above  requirements,  it  must  also  be 
suitable  for  all  kinds  of  w^eather,  and  be  equally  good  in  wet, 
or  frosty  or  other  trying  weather  as  in  fine  dry  weather,  and 
equally  durable  and  satisfactory  when  the  thermometer  is  at 
100°  F.,  as  when  it  is  at  zero  ;  and  these  requirements  augment 
the  difficulties  indefinitely. 

Kecent  Tests  and  Trials. 

We  recognise  the  good  educational  work  now  being  carried 
out  by  "  The  Roads  Improvement  Association,"  and  "  The 
National  Dustless  Road  Committee,"  formed  by  that  Associa- 
tion. Undoubtedly  they  are  assisting  us  in  various  ways, 
especially  in  the  education — by  demonstration — of  the  public 
to  the  idea  of  reform  being  possible  in  the  construction  and 
maintenance  of  ordinary  highways  ;  for,  in  May  last,  this  Associa- 
tion carried  out  some  practical  experimental  tests  on  several 
country  roads  not  far  from  London,  in  order  to  determine  (1) 
The  best  preparation  of  tar  for  road  purposes,  and  (2)  The  best 
tar-spreading  machine. 

For  the  machines,  the  tests  were  carried  out  on  tliree  classes 
of  road,  viz.  (1)  on  granite  macadam,  ('2)  on  fiint  macadam,  and 
(3)  on  gravel  roads.  The  first  test  was  made  on  the  Staines  and 
Hounslow  main  road,  the  second  on  the  District  road  between 
Twickenham  and  Kempton  Park,  and  the  third  on  a  road  at 
Ascot.  Seven  types  of  machine  entered  for  the  trial  of  which 
six  competed,  one — the  Tarmaciser  by  name — meeting  with  an 
accident  e?i  roiUe  to  the  site  of  the  trials,  and  thus  being 
rendered  unable  to  compete.  The  names  of  the  remaininfr  six 
^spreaders  are : — 
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1.  Aitken's  patent  pueumatic  tar  sprayer. 

2.  Emulsiiier,  Limited. 

3.  Johnston  Lassaily  patent  tar  road  binder. 

4.  Tarspra,  Limited — Thorny  croft's  motor  van. 

5.  Thwaite's  ante-road-dust  system,  and  tar  boiler. 

6.  Eeeson's  patent  machine. 

A  few  months  ago  the  judges  appointed  by  the  Eoads  Im- 
provement Association  issued  their  Eeport  and  Awards,  and 
the  first  prize  of  100  guineas  and  the  Association's  Gold  Medal 
was  awarded  to  No.  1,  Aitken's  Pneumatic  Tar  Sprayer,  and  in 
their  Eeport  on  this  machine  they  say,  "  It  is  a  well  constructed 
machine,  possessing  many  advantages,  and  can  be  moved  rapidly 
from  one  part  of  the  road  to  another.  It  can  also  cover  a 
considerable  superficial  area  of  road  in  a  day's  work.  Its  con- 
struction is  solid  and  well  thought  out,  and  the  cost  of  working 
and  maintenance  may  be  expected  to  be  low.  The  judges 
believe  that  by  the  use  of  this  machine  under  the  most  favour- 
able conditions,  the  actual  cost  of  laying  on  one  coat  of  tar  in  a 
sufficient  quantity  (not  counting  cost  of  tar)  may  be  cut  down 
to  almost  one-fiftieth  of  a  penny  per  super,  yard,  or  with  a  road 
6  yards  wide  to  approximately  11.  per  mile." 

The  second  prize  of  50  guineas  and  the  Association's  Silver 
Medal  were  awarded  to  competitor  No.  4,  Tarspra  Limited,  for 
700  gallon  Tarspra  Thornycroft  motor  van,  which  in  their 
Eeport  the  judges  state,  "  Eesembles  in  some  respects  the  Aitken 
machine.  The  machine  worked  well  and  spread  the  tar  evenly. 
It  is  well  designed,  but  the  workmanship  is  not  equal  to 
Aitken's  machine,  and  probably  the  cost  of  upkeep  will  be 
greater." 

The  Tarmaciser  machine  was  tested  at  a  later  date,  but  owing 
to  further  accidents,  etc.,  it  did  not  give  the  result  claimed  by 
its  makers,  and  the  judges  state,  "  Although  there  are  probably 
possibilities  for  this  machine,  they  are  of  opinion  that  it  cannot 
at  the  moment  be  considered  an  entirely  practical  apparatus.'* 

The  other  machines  are  commented  upon  in  more  or  less 
favourable  language  by  the  judges. 

In  the  preparations  of  tar,  for  which  only  one  prize  was 
offered,  there  were  seven  competitors,  the  preparations  contain- 
ing in  several  instances  a  small  proportion  of  tar,  and  in  others 
a  large  proportion. 

Those  containing  a  small  proportion  of  tar  were  : — 

1.  Craig's  Crempoid  E.  and  Crempoid  D.  compounds. 

2.  Ermen's  Ermenite. 

3.  Hahnite. 

4.  Kay's  Pulvicide. 
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The  judges  in  reporting  on  these  four  preparations  state : 
"  The  results  of  treating  these  roads  with  these  compounds  may 
be  dismissed  in  a  short  paragraph.  AVithin  a  short  time  after 
their  application,  i.e.  a  iveek  in  the  case  of  Ermenite,  di  fortnight 
in  the  case  of  the  Crempoicl  and  Fulvicide,  and  a  month  in  the 
case  of  Hahnite,  they  had  practically  disappeared.  The  com- 
pounds have  not  the  durability  of  tar,  and  the  judges  do  not 
consider  their  use  economical.  Moreover,  complaints  have  been 
received  to  the  effect,  that  the  dust  raised  from  the  sections  of 
the  roads  treated  with  some  of  these  materials  is  injurious  to 
the  eyes  of  those  using  the  roads,  and  to  the  frontagers  living 
along  their  routes." 

The  preparations  containing  a  large  amount  of  tar,  which 
were  entered  for  competition,  were : — 

1.  Clare's  patent  tar  compo. 

2.  Oil  gas-tar,  from  "  The  Gas  Light  and  Coke  Co." 

3.  Marriott's  "  Marbit." 

4.  Tar  (patent)  Solidifying  Co.'s  solidified  tar. 
(The  last  named  did  not  compete.) 

The  judges  awarded  the  prize  of  100  guineas  and  the  Associa- 
tion's Gold  Medal  to  E.  S.  Clare,  for  Clare's  patent  tar  compo  ; 
and  in  their  report  on  this  preparation  they  say  :  "  The  section 
of  road  (on  which  it  was  applied)  as  regards  dryness  of  surface 
was  approximately  in  the  same  condition  as  the  other  lengths. 
The  macadam  was  in  good  condition,  the  quantity  of  the  mate- 
rial appears  to  be  1  gallon  to  7  square  yards  applied  in  two 
coats.  At  the  price  quoted  by  the  competitor :  S^r/.  per  gallon 
d/d  London  ;  and  after  making  allowance  for  getting  the  mate- 
rial into  position  on  the  roads  it  works  out  excluding  the  cost 
of  spreading  for  a  coating  of  7  square  yards  to  tlie  gallon,  at 
0'57d.  per  square  yard  of  road  surface,  or  approximately  at  25/. 
per  mile  of  road  6  yards  wide.  From  the  time  of  laying  until 
recently  it  has  been  uniformly  good,  and  is  now  in  better  order 
than  any  other  portion  of  the  road.  The  smell  of  the  material 
is  relatively  evanescent  and  unobjectionable." 

They  further  state  their  opinion  "  that  its  success  is  greatly 
due  to  the  fluidity  obtained,  even  when  applied  cold  as  was  the 
case  on  the  Staines  lioad,  the  penetration  was  very  considerable. 
In  spite  of  this  the  tar  has  body  enough  to  hold  together  the 
small  dust-forming  particles  in  a  highly  satisfactory  manner." 

The  judges  place  "  oil  gas-tar  "  next  in  the  order  of  merit, 
and  amongst  their  remarks  regarding  this  preparation  state, 
**  The  length  of  road  (treated  with  oil  gas-tar)  is  in  a  fairly  good 
condition.     (3il  gas-tar  probably  penetrates  deeper  than  anything 
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else,  but  it  does  not  form  so  durable  a  wearing  surface,  and  con- 
sequently is  not  so  great  a  protection  to  the  face  of  the  macadam 
as  a  good  tar  preparation.  It  would  probably  be  very  useful 
for  the  purpose  of  giving  the  first  coat  to  a  road,  to  be  followed 
by  one  of  coal-gas-tar  or  other  similar  substance." 

As  regards  "  Marbit "  all  that  the  judges  say  is,  "  The  condi- 
tion of  the  section  of  the  road  treated  is  not  quite  so  good  as 
that  of  the  two  first  named." 

The  success,  and  in  a  measure  the  reliability  of  these  tests 
were  affected  by  unfavourable  weather,  and  it  is  quite  possible, 
given  better  conditions  that  other  conclusions  would  have  been 
arrived  at. 

The  Dustless  Eoads  Committee  are  arranging  for  further  ex- 
periments near  London,  on  roads  carrying  traction  traffic,  motor 
waggons,  fast  motor  cars  and  heavy  and  light  horse  traffic,  and 
they  intend  to  experiment  with  half-mile  lengths  of  road,  and  to 
lay  a  length  of  ordinary  macadam  on  the  same  road  as  a  datum,  so 
that  the  life  of  each  of  the  other  materials  tested  may  be  com- 
pared. An  accurate  account  of  the  prime  cost  will  be  kept  in 
each  case,  which  will  be  sub-divided  under  the  heads  of  materials, 
cartage,  labour,  etc.     Maintenance  charges  will  also  be  recorded. 

A  record  of  such  data  will  be  useful  and  interesting,  but  after 
all,  the  Dustless  Eoads  Committee  are  only  carrying  out  in  a  more 
public  manner,  and  perhaps  on  a  larger  and  more  varied  scale, 
experiments  which  many  road  engineers  have  been  and  are 
carrying  out  on  their  own  roads,  and  there  is  little  doubt  that 
the  conclusions  this  committee  will  arrive  at,  will,  in  many 
respects,  confirm  those  which  several  engineers  already  have 
come  to. 

Cost. 

A  further  difficulty  in  the  way  of  reform,  is  the  question  of 
how  the  extra  cost  of  applying  the  material  is  going  to  be  met. 
This  difficulty  is,  in  the  author's  opinion,  the  one  which  is  tlie 
greatest  obstacle  for  us  to  surmount.  It  is  no  longer  a  question 
of  no  suitable  materials  or  methods  having  been  discovered,  the 
trouble  now  is  largely  a  financial  one.  The  highway  mainten- 
ance of  this  country  is  administered  respectively  by  County, 
Borough,  and  District  Councils,  and  before  you  can  carry  out 
these  reforms,  you  have  generally  to  satisfy  these  Councils  of 
two  things,  viz.  (1)  that  the  new  materials  and  methods  are 
really  better  tlian  the  old  ones,  and  (2)  that  the  cost  will  not  be 
any  higher,  and  this  latter  demand  has  undoubtedly  tied  the 
hands  of  many  road  surveyors,  and  will  continue  to  do  so.  A 
few  of  these  authorities  are  endeavouring  to  move  with  the 
times,  and  are  supporting  the  efforts  of  their  surveyors  to  render 
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the  roads  under  their  control  more  dustless,  and  therefore  more 
durable,  but  the  great  majority  are  practically  doing  nothing  in 
the  matter.  Looked  at  from  theii^  point  of  view,  there  is  some 
excuse  for  their  refusal  to  moAe  forward.  When  we  consider, 
that  our  water-supply,  sewage  disposal,  hospitals,  asylums, 
workhouses,  relief  of  the  poor,  the  police,  highway  administra- 
tion, etc.  (not  forgetting  that  recent  and  most  serious  addi- 
tion to  the  ratepayers'  burdens,  viz.  the  cost  of  elementary 
and  secondary  education),  are  nearly  all  financed  from  the  rates, 
it  is  ahnost  a  wonder  that  any  of  the  authorities  have  gone 
into  the  matter  of  road  reform,  which  initially  if  not  ulti- 
mately costs  more  money  than  the  old  system.  Thus  the 
question  of  Imperial  assistance  to  highway  maintenance  has 
arisen,  for  it  is  quite  obvious  that  little  more  can  be  done  by 
the  ordinary  ratepayer.  Were  the  finances  of  the  Imperial 
exchequer  such  that  1,000,000/.  could  be  contributed  annually 
to  the  improvement  of  road  surfaces,  then  the  dust  problem,  as 
we  now  understand  it,  would  in  the  course  of  a  few  years 
largely  become  a  thing  of  the  past  on  the  most  importnnt  of  our 
highways. 

Materials  and  Methods. 

Having  indicated  some  of  the  difficulties  in  the  way  of 
reforms,  we  will  now  direct  our  attention  more  to  the  composi- 
tion of  the  materials  used,  their  method  of  preparation,  appli- 
cation and  their  cost. 

There  are  many  materials  now  on  the  market,  and  numerous 
methods  of  treatment  in  use  for  dealing  with  dust  prevention  or 
palliation,  and  road  preservation,  and  these  methods  resolve 
themselves  into  one  of  these  classes,  viz. — 

1.  Treatment  by  spraying  of  existing  surfaces. 

2.  Coating  witli  ordinary  material  and  using  a  preservative 
binder. 

3.  Coating  with  materials  previously  treated  with  a  pre- 
servative. 


1.  Treatment  by  Spraying  of  Existing  Surfaces. 

Amongst  tlie  preparations  intended  for  spraying  road  surfaces 
there  are  several  which  are  really  only  dust  palliatives,  and  some 
of  these  we  will  notice  briefly  first. 

1.  Westrumite  is  a  patented  fluid,  and  has  been  before  the 
public  for  some  years,  and  has  met  with  varied  success  up  and 
down  the  country.  It  is  mixed  with  water  and  applied  to  the 
roadway,  thus  diluted,  with  an  ordinary  water-cart.     It  requires 
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the  operation  to  be  repeated  at  intervals,  and  during  a  continu- 
ance of  fine  weatlier  some  very  good  results  have  been  achieved, 
but  during  showery  and  changeable  weather,  inferior  results 
only  have  been  met  with. 

2.  Akonia  is  also  a  patented  fluid,  and  can  be  had  at  a  lower 
cost  than  Westrumite.  It  is  hygroscopic  in  its  action,  and  has 
been,  during  the  past  two  years  extensively  used  in  various  parts 
of  the  country,  and  the  results  whether,  good  or  bad,  have  been 
mostly  due  to  climatic  causes.  Calcium  chloride  enters  largely 
into  its  composition. 

3.  Calcmm  Chloride,  like  Akonia,  has  the  deliquescent 
property  of  making  and  of  keeping,  in  a  greater  or  lesser  degree, 
the  surface  of  the  roadway  moist  in  dry  weather.  It  is  mixed 
with  water,  and  sprayed  on  the  road  from  a  water-cart. 

When  the  weather  is  very  dry  and  hot,  the  sun  sometimes 
overcomes  this  hygroscopic  property  of  both  Akonia  and  calcium 
chloride  with  the  result  that  a  very  irritating  dust  is  formed, 
which  is  injurious  to  the  eyes  and  skin,  and  thus  very  unpleasant 
in  breezy  or  windy  weather. 

Then  there  are  the  preparations  partly  composed  of  tar. 
Amongst  wbicli  are  :  (1)  Crempoid,  (2)  Ermenite,  (3)  Hahnite, 
(4)  Pulvicide,  (5)  Emulsifix. 

1.  Crempoid. — This  preparation  is  the  invention  of  Mr.  A.  J. 
Craig,  of  Edinburgh,  and  is  made  in  two  mixtures,  "  Crem- 
poid D  "  does  not  contain  any  tar.  It  is  mixed  with  oil  instead, 
and  is  intended  specially  for  spraying  purposes.  Otherwise  the 
two  mixtures  are  similar,  the  ingredients  being  glue  and 
bichromate  of  potash,  and  either  tar  or  oil.  The  mixture  con- 
taining tar  is  called  "  Crempoid  E."  Its  maker  claims  that  no 
offensive  smell  is  caused,  it  has  no  chemical  action  on  varnish 
or  rubber,  does  not  produce  slipperiness,  penetrates  further  into 
the  road  than  ordinary  coal-tar,  and  acts  as  a  disinfectant.  It 
has  been  used  mostly  in  Scotland,  but  its  success  at  the  trials 
previously  referred  to,  was  very  short  lived,  due  no  doubt  to  the 
unsuitable  weather. 

2.  Ermenite. — This  is  an  invention  of  Mr.  W.  F.  Ermen,  of 
Manchester,  and  is  a  mixture  of  cotton-seed  oil  treated  at  a  high 
temperature  with  sulphuric  acid.  This  product,  after  being 
washed,  is  mixed  with  four  times  its  weight  of  crude  tar.  The 
mixture  is  further  treated  with  hot  caustic  soda,  and  agitated 
until  thoroughly  emulsified,  and  afterwards  diluted  with  water 
until  it  contains  20  per  cent,  of  tar.  Thus  it  is  a  soapy  solution 
containing  emulsion  of  tar  and  a  little  free  oil.  Its  price  is 
10/.  fjer  ton,  and  it  is  said  that  1  ton  will  cover  a  road,  6  yards 
wide,  1  mile  in  length.  At  the  trial  in  May,  however,  it  proved 
a  failure,  due  no  doubt  largely  to  the  adverse  weather. 
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3.  Halinite  is  a  patent  liquid,  insoluble  in  water,  and  is 
•composed  of  asphalt,  tar,  carbolic  acid,  oil,  etc.  The  basis  of 
this  preparation  is  oil  and  water — the  oil  remaining  un saponified. 
The  mixture  is  laid  on  the  road  by  the  aid  of  water,  the  result 
being  tliat  the  water  evaporates,  leaving  the  Halmite  on  the  road, 
and  tliis  oxidation  makes  the  road  surface  waterproof.  The 
makers  claim  that  it  has  excellent  binding  properties,  gives  the 
road  a  smooth  (but  not  slippery)  surface,  is  dust] ess,  has  the 
colour  of  asphalt,  and  that  rain  has  no  action  upon  it  after  it 
has  been  thoroughly  fixed  in  a  dry  roadway.  It  is  also,  they 
say,  effective  on  all  kinds  of  surfaces,  does  not  injure  rubber 
tyres  or  varnish  on  vehicles,  and  one  dressing  will  last  from 
four  to  seventeen  weeks,  the  duration  depending  on  cii'cum- 
stances. 

Evidently  the  "  cu'cumstances  "  were  not  of  the  best  at  the 
competitive  tests,  as  Hahnite  liad  disappeared  in  a  month  after 
-application,  thus  lasting  four  times  as  long  as  Ermenite,  and 
twice  as  long  as  Crempoid  and  Pulvicide. 

4.  Fulvicide. — This  is  the  name  given  to  a  preparation  of 
Messrs.  Kay  Brothers,  Limited,  Stockport.  It  is  a  compound 
consisting  of  (a)  coal  tar  creosote,  50  gallons  ;  (b)  coal  tar  pitch, 
1  cwt. ;  (c)  resin,  2  cwt.  1  qr.  These  are  mixed  together  and 
melted  until  quite  dissolved.  Caustic  potash  or  caustic  soda 
(28  lb.  by  weight  or  thereabouts),  is  dissolved  in  18  gallons  of 
water,  poured  into  the  compound  and  agitated  until  thoroughly 
blended.  The  result  is  an  emulsion,  which,  when  sprayed  on 
the  road,  is  said  to  thoroughly  bind  the  road  surface  as  soon  as 
the  water  has  evaporated. 

It  has  been  used  in  many  ])laces  with  varied  success. 

5.  Emulsifij:. — This  is  prepared  by  Emulsifix,  Limited, 
55  Cross  Street,  Manchester,  the  chief  component  being  oil  of 
tar.  It  is  mixed  with  water  mechanically,  forming  an  emulsion 
which  is  spread  over  the  road,  and  when  the  water  has  dried 
up,  it  forms  a  tarred  surface.  It  is  spread  by  means  of  a 
cart  called  the  "  emulsifix  "  cart,  which  is  fitted  with  two  tanks, 
one  for  holding  the  tar  oil  and  the  other  the  water.  The  tar  oil 
and  water  meet  in  a  box  provided  with  quickly  revolving 
blades  or  fans  which  emulsify  them  and  press  the  mixture 
through  a  pipe  on  to  the  road. 

It  has  been  used  at  several  places  near  Manchester  with 
very  fair  results,  aljout  a  mile  of  road  being  treated  in  each 
instance.  Two  applications  were  given  and  lasted  Ironi  a 
fortnight  to  three  weeks,  and  about  eight  applications  per 
annum  are  required.  The  cost  is  said  to  be  15/.  ])er  mile  per 
annum. 

We  will  notice   next,  those  preparations  chiefly  composed 
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of  coal  tar  or  other  bituminous  substances,  amonost  which  we 
have  (1)  Tar  Conipo,  (2)  Marbit,  (S)  Dustabato,  (4)  Solidified 
Tar,  (5)  Oil  Gas  Tar,  (6)  Tarvia. 

1.  Tar  CoDipo. — We  have  already  stated  that  this  preparation 
was  awarded  the  Prize  and  Gold  Medal  at  the  competitive  tests. 

It  is  a  purified  coal  tar,  and  so  treated  that  it  is  said  to  be 
as  efficacious  in  winter  as  in  summer.  In  consistency,  it  is  very 
thin,  and  can  be  applied  without  previous  heating.  It  oxidises 
in  from  5  to  15  minutes,  according  to  climatic  conditions,  and 
after  this  takes  place,  it  should  be  dusted  over  with  clean  grit. 
It  is  nearl}^  without  smell,  and  is  said  to  be  harmless  to  fish,  and 
non-injurious  to  tyres,  horses'  hoofs,  and  varnish  on  vehicles. 

2.  Marhit. — This  preparation,  the  invention  of  Mr.  T.  G. 
Marriott,  of  Glasgow,  competed  at  the  trials,  but  did  not  give 
as  good  results  as  the  others.  It  is  composed  of  coal-tar,  and 
a  special  form  of  natural  bitumen.  It  is  hot  when  applied  to 
the  road  surface  as  a  rule,  and  in  those  trials,  a  gallon  of  the 
preparation  covered  about  13  square  yards  in  one  instance  and 
about  10  square  yards  in  another,  but  it  seems  a  material  more 
suited  as  a  binder  for  new  coating  and  rolling  than  for  sprinkling 
or  treating  an  ordinary  road. 

3.  Dustabato. — This  invention  is  prepared  by  Dustabaters, 
Ltd.,  Hartmann  Eoad,  Silvertown,  E.,  and  there  are  two  prepara- 
tions of  it  called  "ii,Tades,"  one  for  surface  treatment,  and  the 
other  for  roadmaking.  Eegarding  the  former  grade,  the  makers 
claim  that  it  can  be  applied  by  ordinary  water-carts,  is  always 
ready  for  immediate  use,  and  is  binding,  preservative  and  germi- 
cidal. It  is  claimed  also  that  it  will  mix  well  with  water,  that 
each  successive  application  tends  to  further  improve  the  surface, 
and  that  the  cost  is  no  higher  thaii  ordinary  watering. 

We  will  notice  the  binder  grade  later. 

4.  Solidified  Toa\ — This  invention  is  prepared  by  the  Tar 
(Patents)  Solidifying  and  Distilling  Co.,  Ltd.,  Queen  Victoria 
Street,  E.G.  About  4  per  cent,  of  the  light  oils  are  extracted 
from  the  tar,  and  afterwards  solidified,  and  concentrated,  thus 
reducing  the  cost  of  transportation.  It  does  not,  however,  seem 
to  have  been  much  used  for  road  purposes. 

5  Oil  Gas  Tar. — This  oil  in  coal-tar  is  that  which  coagulates 
last,  and  remains  a  liquid,  even  at  a  low  temperature,  thus  re- 
quiring no  heating  previous  to  application,  and  being  insoluble 
in  water.  At  the  competitive  tests,  it  was  placed  second  to  tar 
comy)0  as  a  material  for  surface  treatment.  When  placed  on  the 
road,  it  does  not  remain  sticky,  and  traffic  can  use  the  treated 
road  very  sliortly  after  operations.  It  is  said  to  be  a  powerful 
disinfectant,  is  quite  inoffensive  and  harmless,  nor  does  it  make 
the  road  surface  slippery,  and  is  not  very  inflammable.     Its  cost 
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is  less  than  ordinary  gas  tar,  varying  from  Id.  per  gallon  at 
Southall  to  2^d.  per  gallon  at  Slough.  Considerable  lengths  of 
road  have  been  treated  with  this  preparation  at  Southall,  the 
average  cost  of  the  finished  work  being  only  ^d.  per  square  yard 
per  single  dressing.  At  Slough,  the  same  satisfactory  results 
have  been  obtained  as  at  Southall,  the  cost  of  the  finished  work 
of  the  first  coat  applied  being  about  ^d.  per  square  yard,  and  of 
subsequent  coats,  about  ^d.  per  square  yard.  On  the  first  dress- 
ing, 1  gallon  did  about  8  square  yards,  and  the  second  coat  about 
IG  square  yards.  The  advantages  claimed  by  the  use  of  this 
material  at  Slough  are — (1)  it  is  easily  applied  without  interfering 
with  traffic,  (2)  no  objectionable  odour,  (3)  road  surface  made 
practically  impervious,  (4)  no  disintegration  of  surfece  by  motors, 
(5)  very  little  mud  in  winter,  (6)  less  wear  of  surface,  (7)  less 
noise.  Seven  very  useful  qualities.  At  the  competitive  tests, 
a  special  machine  invented  by  Mr.  Keeson  for  the  purpose  of 
spraying  this  oil  tar  on  the  road,  was  exhibited  (but  did  not 
compete)  by  the  Gas,  Light  and  Coke  Company. 

5.  Tarvia.  —  This  preparation  is  obtained  from  coal-tar,  and 
after  being  heated  from  160^  F.  to  180°  F.,  it  is  applied  to  the 
road  surface  either  by  hand  or  machinery.  If  the  road  crust  be 
dry  and  the  weather  fine,  and  all  dust  removed,  1  gallon  will 
cover  from  2  to  3  square  yards,  and  will  penetrate  2  inches  into 
the  surface.  Tarvia  has  been  used  more  as  a  binder  than  for 
spraying,  and  as  a  binder  will  be  referred  to  later. 

Total  Cost  of  Spraying. 

Assuming  that  we  have  27,000  miles  of  main  roads  in 
England  and  Wales,  on  an  average  6  yards  wide,  and  taking  oil 
of  tar  as  a  basis  of  calculation,  and  assuming  further  that  the 
average  cost  of  this  liquid,  and  its  application  works  out  at  34^/. 
per  gallon,  and  that  for  a  first  coat  a  gallon  would  cover  8  square 
yards,  and  for  the  second,  IG  square  yards,  then  the  first  coat 
would  cost  20/.  per  mile  or  540,000/.  for  the  whole  of  the  main 
roads,  and  the  second  coat  would  cost  270,000/,,  or  the  two  coats 
810,000/. 

This  figure  does  not  include  any  of  the  district  or  subsidiary 
roads,  and  some  of  the  district  roads  have  to  carry  almost  as  much 
traffic  as  the  main  roads.  Assuming  that  one-sixth  of  these 
roads  were  treated,  there  would  thus  be  an  additional  mileage  of 
18,000  to  allow  for,  which  would  cost  for  the  first  coat  3G0,000/. 
and  for  the  second  coat  180,000/. :  or  together,  540,000/.  ;  and 
for  the  main  roads  and  one-sixth  of  the  district  roads  there 
would  be  required  1,350,000/.  per  annum  at  least,  even  if  this 
low-priced  method  of  treatment  were  used. 


S6  TREATMENT   AND    FORMATION    OF   ROAD    SURFACES. 


2.  Coating  with  Ordinary  Materials  and  Using 
A  Preservative  Binder. 

This  method  of  treatment  has  been  extensively  followed 
at  various  places,  and  on  the  whole  very  satisfactory  results 
have  been  achieved.  The  roadway  is  coated  in  the  ordinary 
way  with  granite,  quartzite,  basalt,  or  other  hard  material, 
which  is  well  rolled  and  closely  keyed  together  whilst  it  is 
thoroughly  dry.  Hot  tar  is  then  applied  either  by  watering-can 
or  from  a  cart  suitable  for  the  purpose,  and  the  tar  is  spread 
evenly  over  the  surface  by  means  of  fibre  or  other  similar 
brushes,  and  a  period  allowed  for  it  to  percolate  into  the  inter- 
stices. Half  to  one  quarter  inch  screenings  of  a  material  similar 
to  that  used  for  the  coating,  are  spread  evenly  over  the  tarred 
surface,  and  all  thoroughly  rolled  in  and  consolidated.  If  the 
roadway  is  in  fair  condition  and  of  correct  camber,  a  coating 
one  stone  in  thickness  will  be  sufficient  to  render  the  surface 
quite  waterproof.  This  will  cost  no  more  than  a  coating  of  or- 
dinary macadam  two  stones  in  thickness,  and  yet  it  will  wear 
as  long,  and  cause  much  less  trouble  from  dust,  as  well  as  less 
cost  in  scavenging  and  surface  labour. 

A  continuation  of  fine  weather  is  an  absolute  necessity  if 
satisfactory  work  is  to  be  carried  out  by  this  system,  for  it  has 
been  found  repeatedly,  that  if  either  the  roadway  contains  too 
much  moisture,  or  the  weather  is  too  wet  or  damp,  the  results 
attained  have  left  much  to  be  desired. 

As  regards  the  kind  and  quality  of  the  coal-tar  likely  to  give 
the  best  results,  it  is  very  important  that  tar  should  be  selected 
carefully,  and  any  which  contains  a  lot  of  water  or  other  impur- 
ities should  not  be  used  in  its  crude  state.  If  you  have  tar  con- 
taining a  quantity  of  water  or  light  oils,  it  should  be  heated 
until  all  the  water  an<l  lighter  volatile  oils  are  evaporated,  when 
the  hot  tar  remaining — other  conditions  being  equal — will  gener- 
ally give  a  good  result. 

Tests  were  made  of  crude  and  refined  coal-tars  at  the  com- 
petitive trials,  and  regarding  the  crude  coal-tar,  the  Judges  stated, 
"  it  did  not  yield  a  satisfactory  result  unless  applied  in  a  quan- 
tity in  excess  of  that  found  necessary  in  the  case  of  Clare's 
Patent  Tar  Compo  ;  one  and  a  half  times  the  quantity  is  re- 
quired to  give  equal  results." 

Kegarding  a  "  Ptefined "  or  "Freed"  tar  from  the  same 
company  as  the  crude  tar  (the  Metropolitan  Gas  Co.),  they  say, 
*'  This  is  a  coal-tar  from  which  the  water  and  naphtha  have 
been  distilled,  and  which  has  a  specific  gravity  of  1'24.  The 
distillation  serves  to  remove  the  anmonia — which  is  an  objec- 
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tioiiable  constituent  of  tar  for  road  treatment — and  the  light  oils . 
The  cost  is  about  \cl.  per  gallon  more  than  the  crude  tar.  The 
preparation  answered  well  in  the  trial." 

Thus  we  see  the  importance  of  having  tar  which  has  been 
purified,  whether  it  be  intended  for  surface  treatment  or  for 
grouting  purposes.  The  consistency  best  suited  for  grouting 
purposes  is  when  the  tar  becomes  sticky,  and  the  mixing  ladle, 
when  taken  out  of  the  tar  and  drawn  gently  upwards  until  from 
2  to  3  feet  from  the  liquid,  forms  "  needles  "  between  the  ladle 
and  the  liquid.  These  needles  should  not  break  or  separate 
until  they  are  reduced  in  diameter  to  about  ^^  inch,  when  at  a 
tem]jerature  of  about  80°  F.  The  heat  is  then  increased  until  the 
tar  is  very  thin,  and  it  is  applied  to  the  newly  stoned  road,  and 
the  result  is  a  road  which  soon  sets  and  is  ready  for  traffic  immedi- 
ately it  is  rolled. 

There  are  several  patent  preparations  specially  intended  as 
a  grout  or  binder,  amongst  which  are — {a)  Dustabato  the  road- 
making  grade,  (h)  Tar  via,  and  these  two  only  will  be  briefly  noticed. 

(«)  Dustahato  Road-making  Grade. — It  is  said  that  this 
preparation  will  thoroughly  bind  the  hardest  materials,  such  as 
granite,  and  even  when  laid  under  adverse  climatic  conditions, 
some  of  the  roads  made  with  this  preparation  are  giving  the 
greatest  satisfaction.  In  East  Ham,  half  a  mile  of  road  was  laid 
with  this  binder,  and  the  surveyor  there  speaks  very  highly  of 
its  qualities.  He  puts  the  cost  at  ^d.  per  square  yard  more  than 
ordinary  macadam — a  somewhat  high  figure  which  will  prevent 
the  extensive  use  of  this  patent  material. 

The  material  is  delivered  on  the  roadway  in  solid  blocks. 
The  newly -coated  road  is  dry-rolled,  and  thereby  closely  packed 
or  keyed,  and  made  to  the  correct  camber.  The  blocks 
are  then  melted  in  boilers,  and  applied  direct  to  the  road. 
Chippings,  of  the  same  stone  as  that  forming  the  coating,  are 
spread  evenly  over  the  surface,  which  is  steam-rolled,  and  as 
the  binder  is  of  a  very  tenacious  and  quick-setting  kind,  it  soon 
becomes  a  thoroughly  waterproof,  hard  road,  ready  for  use. 
This  adhesive  property  of  the  binder  makes  a  roadway  such  that 
it  will  resist  the  heaviest  traffic,  and  prevent  any  licking  up 
afterwards. 

It  is  claimed  to  be  non-slippery,  noiseless,  and  to  give  as 
good  results  in  winter  as  in  summer. 

ih)  Tarvia. — This  preparation  has  been  described  as  a 
bituminous  cement  because  of  its  high  degree  of  adhesiveness, 
tensile  strength,  and  impermeability.  It  is  prepared  in  such  a 
manner  as  to  prevent  the  contained  bitumen  oxidising,  and  it 
can  be  heated  to  any  degree  almost,  without  losing  any  volatile 
oils  contained  therein. 
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A  road  constructed  with  this  binder,  it  is  claimed,  retains  its 
life  for  a  long  period,  the  binder  does  not  dry  or  peel  off  the  sur- 
face, or  otherwise  perish  in  a  few  months.  This  preparation  is 
now  being  mixed  by  its  makers — Messrs.  Bristowe  and  Co. — with 
hue  granite  chippings  free  from  dust,  and  is  specially  intended  to 
be  used  as  a  matrix  or  flux.  At  Staines,  Eton,  Winchester  and 
elsewhere  it  has  been  used  in  this  way,  and  we  shall  specially 
notice  this  method  of  road  treatment  in  a  paragraph  to  itself 
later. 

Tarvia,  like  all  the  best  l^inders  in  use,  is  a  coal-tar  prepara- 
tion, and  has  been  very  extensively  used  in  America,  where  the 
practice  is  to  heat  it  to  about  180°  F.  in  boilers  on  the  road,  and 
a  gallon  of  this  preparation  has  been  found  to  do  from  2  to  3 
square  yards.  Screenings  are  thrown  over  the  treated  road, 
which  is  then  thoroughly  well  rolled,  and  in  the  course  of  a  few 
weeks,  any  chippings  which  have  not  been  bonded  with  the 
Tarvia  may  be  removed  and  the  surface  left  smooth  and  clear. 

It  is  often  used  as  a  road-dressing  and  as  such  it  is  claimed 
that  one  application  will  last  12  months,  and  subsequent  appli- 
cations need  only  be  made  once  in  two  years.  This  claim  will 
no  doubt  be  governed  by  local  circumstances,  and  in  some 
instances  will  have  to  be  modified.  The  author  has  not  seen  a 
price  list  of  this  material,  and  cannot  therefore  compare  the  cost 
with  that  of  any  other  material  mentioned. 

The  Matrix  or  Gladwell  System. 

This  system,  first  introduced  and  tried  by  Mr.  A.  Gladwell, 
surveyor  to  the  Eton  Eural  District  Council,  is  of  recent  date, 
and  thus,  like  several  other  systems,  is  in  its  experimental  stage  ; 
l3ut  it  is  claimed  to  be  a  thoroughly  practical  system  and  many 
very  hopeful  forecasts  have  been  made  by  several  more  or  less 
eminent  road  surveyors  with  regard  to  its  future. 

The  system  is  to  spread  over  the  length  of  road  to  be  coated 
a  matrix  of  tarred  material  about  |  of  an  inch  in  thickness,  the 
matrix  being  made  of  fine  chippings  or  screenings,  on  an  average 
about  I  of  an  inch  gauge,  mixed  with  hot  tar  or  other  bituminous 
preparation.  At  Eton,  Tarvia  is  used  as  the  bituminous  prepara- 
tion. The  usual  coating  of  granite,  basalt  or  quartzite  is  placed 
over  the  matrix,  and  afterwards  rolled  with  a  light  roller  for  a 
time,  and  later  with  a  heavier  one.  The  matrix  is  thus  squeezed 
up  into  tlie  coating,  filling  up  the  interstices  from  the  bottom, 
and  should  it  be  that  all  the  surface  interstices  are  not  filled  up 
as  well,  a  little  of  the  matrix  is  spread  over  that  part  of  the 
surface  and  rolled;  in  this  manner  a  thoroughly  waterproof 
roadway,  very  hard  and  durable,  is  formed. 
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Mr.  Glaclwell — in  a  specification  prepared  by  himself — 
amongst  other  provisions  specifies  as  regards  the  — 

"  1.  Foundations. — If  the  old  road  is  of  incorrect  contour  or 
if  its  levels  are  too  high  to  admit  of  additional  coating,  or  if  it 
is  misshapen,  all  these  inaccuracies  of  surface  should  be  remedied 
and  the  foundation,  '  well  rolled  down,'  and  kept  well  brushed 
in  front  of  the  layer  of  bituminous  matrix  at  the  time  of  laying. 

"2.  Freparatioii  of  Matrix  or  Binder.—  Clean  granite  birds'- 
eye  chippings,  dried  by  heating  on  a  sand-drier  to  a  temperature 
not  exceeding  120°  F.  are  niLxed  (as  one  would  mix  concrete) 
with  a  special  tar  preparation  known  as  '  Tarvia,'  which  should 
be  heated  in  a  cauldron  to  200°  F.  and  thoroughly  incorporated 
with  the  chi])pings,  or  the  matrix  can  be  obtained  from  Messrs. 
Bristowe  and  Co.  with  the  above  ingredients  ready  mixed  from 
their  Erith  works. 

"  3.  Laying  of  Matrix  and  Aggregate. — On  the  old  road 
surface,  lay  a  '  cushion '  |-inch  thick  of  the  matrix,  say  6  feet 
in  length,  and  half  the  width  of  the  road  to  be  surfaced.  Then 
commence  laying  the  aggregate,  which  may  be  ordinary  clean 
broken  granite,  2 -inch  to  2i-inch  gauge,  and  laid  in  manner 
following.  Commence  laying  the  aggregate  about  6  inches  from 
the  end  of  the  matrix  (unless  the  work  pieces  up  with  existing 
work),  and  lay  the  granite  on  with  suitable  forks  so  as  to  leave 
the  smaller  flakey  pieces  of  granite  as  well  as  dust  behind  as 
waste.  The  aggregate  should  be  closely  and  evenly  packed  so 
as  to  be  nearly  as  possible,  but  not  exceeding  two  stones  in 
thickness,  bring  the  coating  to  within  6  inches  of  the  forward 
edge  of  the  matrix  already  laid,  then  lay  another  strip  of  matrix 
half  a  yard  wide  and  follow  on  with  granite  coating,  and  so  on 
right  through  the  work,  this  will  enable  the  men  to  lay  both 
matrix  and  aggregate  without  trampling  on  either. 

"  4.  Rolling  the  Aggregate  down  into  the  Matrix. — The  work 
should  be  commenced  at  the  middle  distance  of  the  section  to  be 
resurfaced,  and  a  gang  of  men  should  be  engaged  at  each  end  of 
the  middle  section  so  as  to  keep  the  roller  fully  engaged.  The 
best  results  in  rolling  under  this  system  will  be  found  to  accrue 
by  the  use  in  the  first  instance  of  a  roller  not  exceeding  6  tons 
in  weight;  the  object  being  to  entice  rather  than  force  the 
bituminous  matrix  upwards  so  as  to  fill  the  voids  in  the  granite 
aggregate,  the  roller  should  be  carefully  driven  at  the  lowest 
speed  (at  first).  After  a  few  journeys  over  the  surface  it  will  be 
found  that  the  matrLx  is  working  upwards  ;  then  '  salt,'  not 
cover  the  surface  with  a  sprinkling  of  the  matrix,  brushiniT  this 
into  the  voids,  roll  again  and  keep  on  feeding  the  voidsuntil 
fairly  well  filled. 

**  5.  Surface  Sealing. — Heat '  Tarvia '  liquid  cement  in  a  caul- 
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droii  to  about  300°  to  350°  F.,  when  it  becomes  very  fluid,  and 
immediately  flow  this  heated  liquid  over  the  surface  already 
rolled  by  means  of  ordinary  watering-cans,  having  a  special 
V-shaped  lip  outlet,  using  about  ^  gallon  per  super,  yard.  This 
operation  will  have  the  effect  of  permanently  sealing  the  surface, 
and  if  dry  granite  chippings  are  immediately  sprinkled  over  the 
surface  flux,  the  traflic  may  be  at  once  turned  on  the  road.  The 
object  in  leaving  the  matrix  about  6  inches  forward  of  the 
aggregate  at  the  completed  end  or  ends,  is,  that  when  the  roller 
goes  over  it,  the  end  of  the  work  is  feather-edged,  and  thus 
avoid  an  abrupt  joining. 

"  Do  not  allow  any  sand,  earth  or  other  foreign  matter  to  get 
between  the  matrix  and  the  granite  aggregate  or  the  old  road 
surface,  keep  both  the  aggregate  and  matrix  clean. 

"Do  not  attempt  to  surface  flux  the  work  in  wet  weather, 
the  surface  must  be  dry  before  this  operation  is  carried  out." 

The  above  is  a  copious  extract  from  Mr.  Gladwell's  specifica- 
tion, which  shows  clearly  the  system,  and  how  it  is  to  be  carried 
out,  if  success  is  to  be  achieved. 

The  cost  of  the  work  is  from  3d.  to  M.  per  square  yard 
more  than  ordinary  granite  macadam,  or  on  an  ordinary  road  of 
6  yards  in  width,  it  will  cost  from  130/.  to  175/.  per  mile  extra, 
say  on  an  average  150/.  per  mile  extra.  Thus,  for  the  whole  of 
the  main  roads  of  England  and  Wales,  4,050,000/.  would  be 
required  to  do  the  work  by  this  system,  and  for  one-sixth  of  the 
district  roads,  an  additional  2,600,000/.  or  nearly  7,000,000/. 
extra  to  ordinary  coating.  Although  this  system  works  out  at 
less  cost  than  several  others,  its  price  is  too  high  to  guarantee 
its  being  used  extensively. 

The  resiUt  is  yet  to  be  looked  for,  and  some  years  yet  must 
elapse  before  any  reliable  data  as  to  the  "  life  "  of  this  kind  of 
road,  the  cost  of  surface  labour  and  maintenance,  etc.,  can  be 
obtained  and  tabulated. 

3.  Coating  with  Materials  Previously  Treated  with 
A  Preservative  Binder. 

There  are  several  materials  and  methods  in  use  under  this 
system — limestone,  ironstone  slag,  flints,  granite,  etc.,  being  the 
most  common  aggregates  and  coal  tar,  or  some  other  bituminous 
preparation  is  the  matrix  used  for  treating  it.  The  general 
matrix  used  is  coal-tar,  more  or  less  refined,  and  these  are  all 
known  by  the  name  of  tar  macadam.  Taking  limestone  as  an 
example,  we  will  notice  one  of  the  systems  in  use.  The  stone 
is  broken  and  screened,  into  three  or  more  grades  or  sizes,  the 
largest    being  from  1^  inch  to  2  inches  diameter;  the  second 
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being  from  1^  inch  to  ^  inch ;  and  the  third,  all  below  J  inch, 
excepting  the  fine  dust  which  is  better  left  out,  and  these  are 
heated  on  an  iron  floor  prepared  for  the  purpose,  until  all  mois- 
ture is  driven  off. 

The  tar  is  placed  in  boilers  and  heated  sufficiently  to  drive  off 
all  moisture  and  the  volatile  and  lighter  oils,  and  until  it  is  of 
a  satisfactory  consistency,  i.e.  wdien  "  sticky."  It  is  mixed 
whilst  hot  with  the  heated  stone,  and  shovelled  over  and  over 
until  every  side  of  each  stone,  forming  the  aggregate  is  coated. 
The  quantity  of  tar  per  ton  of  aggregate,  varies  according  to  the 
porosity  and  fracture  of  the  stone,  but  on  an  average  about 
10  gallons  per  ton  is  sufficient  for  the  coarsest  material,  and 
12  gallons  for  the  finest. 

The  tar  macadam  should  be  allowed  a  period  to  "  season," — 
three  months  on  an  average  will  do.  This  makes  it  not  only 
better  to  handle,  but  its  properties  for  roadwork  are  very  much 
improved,  as  it  gets  tougher  the  longer  it  *'  seasons."  With 
regard  to  the  roadivay  intended  to  be  coated,  the  work  necessary 
in  preparing  it  to  receive  such  coating  depends  largely  on  the 
condition  and  shape  of  the  road.  Should  it  be  of  wrong  shape 
or  camber,  then  either  by  levelling  down  or  filling  up — as  the 
case  may  require — the  roadway  is  brought  into  shape  and  rolled 
until  quite  compacted. 

A  camber  of  1  in  40  to  1  in  48  is  quite  sufficient  for  tar 
macadam  surfaces.  Some  of  the  failures  of  this  description  of 
surface  are  due  to  the  excessive  camber  (from  1  in  20  to  1  in  28) 
which  the  author  has  seen  on  certain  roads,  causing  lateral 
weakness,  tendency  to  side-slip  and  inducing  the  traffic  to  keep 
too  near  the  centre  of  the  roadway,  thus  making  it  wear  away 
much  more  quickly  in  the  centre  than  it  otherwise  would  do. 

The  camber  then  of  the  formation  or  foundation  should  be 
not  more  than  1  in  40,  and  at  such  a  level  as  to  allow  the 
specified  coating  of  tar  macadam  to  be  put  on  and  rolled  in 
order  to  bring  it  up  to  the  finished  level.  Supposing  the 
finishing  thickness  of  the  coat  was  to  be  3  inches,  then  you 
would  have  to  put  on  3  inches  of  1^  to  2-inch  material  which 
would  roll  down  to  2J  inches  in  thickness  on  an  average,  |-inch 
of  the  second  size  which  would  roll  dow^n  to  nearly  J  inch,  and 
the  remainder  of  finer  material.  Many  engineers  now  are  not 
using  the  finest  material  for  surfacing  the  road  work,  as  its  use 
tends  to  make  too  smooth  a  surface,  and  to  give  no  grip  for 
horses'  feet.  A  6-ton  roller  is  preferable  to  one  any  heavier  for 
rolling  tar  macadam  (the  motor  rollers  by  Barford  and  Perkins, 
of  Peterborough,  being  specially  suitable  for  the  purpose).  After 
rolling  until  thoroughly  compacted  and  solid,  spread  a  little  clean 
grit  over  the  surface  and  the  roadway  is  then  ready  for  use. 

£ 
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Local  prices  for  material  and  tar  control  the  cost  of  the 
work,  but  on  an  average,  the  cost  of  a  3-inch  crust  will  be  from 
Is.  9cl.  tn  2s.  per  square  yard,  or  taking  a  6-yard  road,  it  will 
be  from  10s.  to  12s.  per  yard  run,  and  880/.  to  1000/.  per  mile 
run.  This  cost  is  heavier  than  that  of  ordinary  granite  macadam, 
by  about  250/.  per  mile  run  or  6,750,000/.  for  the  whole  of  the 
main  roads  in  England  and  Wales.  The  use  of  this  material 
for  general  purposes,  is  therefore  put  out  of  court. 

Ironstone  slag  has  been  and  is  being  extensively  used  as  an 
aggregate  for  tar  macadam,  and  the  process  is  similar  to  that 
already  mentioned  of  treating  limestone. 

Granite  has  not  given  as  much  success  hitherto,  when  used 
with  a  tar  binder,  as  some  of  the  softer  materials  which  are 
generally  more  porous,  the  smoother  fracture  and  cleavage, 
combined  with  its  greater  density  and  lack  of  porosity,  tending 
to  prevent  that  cohesion  and  adhesion  necessary  to  make  a  road 
crust  capable  of  standing  all  kinds  of  traffic. 

The  more  granulated  granites  which  show  a  rougher  cleavage, 
should  be  suitable  for  tar  macadam,  and  if  the  tar  is  of  the 
correct  and  suitable  consistency,  it  is  the  opinion  of  the  author, 
that  this  kind  of  tar  macadam  will,  in  the  future,  have  much 
greater  success  than  it  has  had  in  the  past. 

Tarmac. — This  material  is  a  mixture  of  the  best  selected 
ironstone  slag,  and  refined  coal-tar,  and  is  obtainable  from  the 
Tarmac  Syndicate.  Other  makers  have  a  similar  material  on 
the  market  and  give  it  generally  the  same  name,  viz.  "  Tarmac." 
Whether  the  materials  or  the  processes  are  the  same,  or  whether 
the  same  care  is  taken  in  the  selection  of  both  the  slag  and  the 
tar,  is  in  some  cases  very  doubtful,  though  the  tarmac  supplied 
by  one  or  two  of  these  well-known  firms  is  of  a  first-class 
description.  As,  for  instance,  that  supplied  by  Messrs.  Con- 
stable and  Hart,  some  years  ago  on  the  Thames  embankment, 
gave  a  better  result  than  any  of  the  other  tar  macadams  laid. 
It  is  still  laid  there,  and  was,  not  very  long  ago,  no  worse  than 
on  the  day  it  was  put  down. 

The  county  surveyor  of  Nottingham  (E.  Purnell  Hooley, 
Esq.  (M.I.C.E.)  has  for  some  years  taken  a  very  prominent 
interest  in  the  question  of  making  roads,  not  only  to  prevent 
dust  formation ;  but  also  to  carry  heavy  traction  traffic  during 
all  kinds  of  weather,  and  from  his  last  annual  report  his  method 
of  jjreparing  and  using  his  tarmac  is  as  follows :  "  The  densest 
slag  is  used  as  it  comes  from  the  furnaces,  broken  whilst  hot. 
The  tar  is  heated  in  boilers,  and  the  two  are  brought  together  in 
a  mixing  cylinder  (patented  by  himself)  both  quite  hot.  The 
oil  of  tar  penetrates  into  the  slag,  and  so  impregnates  it  that  it 
will  not  take  up  any  more  moisture  from  the  atmosphere  whilst 
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on  tlie  road.  This  mixed  material  is  allowed  to  '  season '  and 
'  toughen '  for  a  period,  and  then  spread  over  the  road  in  sizes 
of  2  inches  diameter  chiefly,  with  a  very  small  quantity  of  finer 
material  as  a  surface  dressing,  and  consolidated  in  the  usual 
way.  The  less  there  is  of  the  finer  material  the  better,  as  the 
larger  stones  offer  a  better  grip  to  horses'  feet  than  the  finer 
ones.  Mr.  Hooley  gives  instances  of  certain  roads  in  his  county 
where  they  have  to  be  coated  with  granite  nearly  every  year  to 
keep  them  in  repair.  Sections  of  such  roads  have  been  coated 
with  tarmac,  which  he  forecasts  will  last  from  5  to  7  years,  that 
is,  5  times  as  long  as  the  life  of  granite  macadam,  and  even 
on  the  assumption  that  it  will  only  last  Uvicc  as  long,  he 
shows  by  the  following  figures  how  much  the  cost  is  in  favour 
of  the  use  of  tarmac. 

The  figures  are  as  follows  : — 

Granite,  T.irmac, 

2  Years.  2  Years. 

£      s.      d.  s.      d. 
Materialx  per  ton  on  an  equal  length  of 

4*25  yards  run  or  3825  square  yards        10     0  11   10 

Team  labour 11  6 

Manual  labour — including  scavenging, 

sweeping,  etc..  for  three  weeks        ..             9     6  3     6 

Steam-rolling 1     6|  4 

Total £1   12     U  16     2 

These  figures  show  the  granite  length  to  be  costing  in  2  years 
twice  as  much  as  the  tarmac  length. 

A  very  striking  feature  of  the  above  figures  is  the  low  cost 
of  manual  labour  for  2  years  on  the  tarmac  length  compared 
with  that  on  the  granite  road,  and  the  lower  cost  of  rolling  also 
i.'^  very  striking.  The  former  comparison  is  of  great  significance 
in  that,  not  only  does  it  represent  the  lessened  cost,  but  the 
lessened  amount  of  inconvenience  and  nuisance  on  tarmac  roads, 
such  requiring  less  than  half  the  scavenging  necessary  on  gran- 
ite roads. 

Some  hold  the  view  that  this  form  of  road  is  only  suited  to 
light  traffic,  but  ^Ir.  Hooley  asserts,  that  it  is  the  only  one  which 
satisfactorily  sustains  heavy  traction  traffic  in  all  weathers. 

Undoubtedly  for  heavy  traffic  the  larger  the  aggregate,  the 
stronger  the  road,  and  where  constant  traction  traffic  or  heavy 
motor  lorry  traffic  obtains.  Materials  even  up  to  2J  inches  or 
23  inches  should  be  used  to  a  depth  of  6  inches  or  more  with  a 
surface  coating  of  finer  material. 

In  the  author's  opinion,  the  reason  why  some  engineers  have 
such  a  poor  opinion  of  tarmac  as  a  material  suitable  for  heavy 
traffic,  is,  that  they  have  only  used  materials  of  low  gauge  and 
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probably  the  crust  of  the  road  has  not  been  made  of  the  thick- 
ness necessary  to  sustain  such  traffic. 

The  cost  of  tarmac  roads  is  difficult  to  define,  and  we  can 
only  put  down  an  approximate  figure.  For  a  3-inch  finished 
coat,  the  cost  will  be  about  1000/.  per  mile  of  a  roadway  6  yards 
wide,  and  if  it  is  made  to  withstand  heavy  traffic,  the  cost  will 
be  about  1800/.  per  mile.  To  put  into  repair  the  whole  of  the 
main  roads  in  England  and  Wales,  a  3-inch  crust  will  cost 
27,000,000/,  and  a  6-inch  crust  50,000,000/.  sterling. 

Supposing  the  average  life  of  a  tarmac  road  was  12  years  and 
that  it  was  necessary  to  construct  ^  of  the  above  mentioned  roads 
with  a  6-inch  crust  and  ^  with  a  3-inch  crust,  then  the  annual 
cost  on  a  12  years'  life  would  be  nearly  3  millions,  a  prohibitive 
figure  even  on  that  calculation.; 


Conclusion. 

Thus  it  will  be  seen  that  something  is  being  and  has  been 
done  in  attempting  to  deal  with  this  modern  problem,  the  cliief 
difficulty  of  which  is  a  financial  one.  Let  the  means  be  provided, 
give  the  road  engineers  a  free  hand,  and  the  problem  will  soon 
be  solved,  and  the  work  carried  out  in  an  effective  manner. 

The  author  desires  to  express  his  indebtedness  to  Mr.  Hooley, 
Mr.  Gladwell  and  others,  for  placing  at  his  disposal  some  of  the 
information  contained  in  the  paper. 


discussion. 

The  President  moved  a  vote  of  thanks  to  the  author  for  his 
paper,  and,  in  doing  so,  remarked  that  nearly  two  hundred  years 
ago  another  Metcalfe  had  laid  out  many  of  our  early  roads ; 
other  engineers  had  carried  on  the  work,  and  the  roads  in  this 
country,  if  looked  at  as  a  whole,  would  bear  comparison  with 
any  to  be  found  elsewhere.  The  author  had  told  them  that  the 
motor  car  had  "  come  to  stay,"  and  there  was  no  doubt  that  the 
question  of  road  surfaces  had  in  consequence  been  recently  forced 
upon  the  engineer,  who  was  doing  his  best  to  deal  with  the 
matter  scientifically.  The  interesting  paper  of  to-night,  and  the 
costs  given  with  it  showed  that  much  had  been  already  done. 
The  solution  of  the  question,  and  the  survival  of  the  fittest, 
would  require  time  ;  for  the  problem  was  not  an  easy  one. 
They  would  remember  that  Mr.  Worby-Beaumont,  their  Past- 
President,  in  liis  inaugural  address  a  year  or  two  ago,  had  given 
the  Society  some  very  striking  figures  on  the  subject.  They 
could  not  anticipate,  at  any  rate  in  the  near  future,  a  time  when 
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there  would  be  no  horse  traffic ;  and  therefore  the  problem  of 
supplying  a  road  surface  which  would  meet  all  the  different 
kinds  of  traffic  would  continually  be  before  the  euc^ineer. 
There  might  in  the  future  be  less  of  the  pounding  of  road  sur- 
faces by  the  hoofs  of  horses,  giving  a  heavy  blow  upon  a  small 
surface ;  but  they  could  not  look  forward  to  the  time  when 
there  would  be  nothing  but  motor  traffic  ;  otherwise,  the  problem 
would  be  very  simple.  The  meeting  would  much  appreciate  the 
lucid  way  in  which  the  author  had  put  tlie  facts  of  the  case 
before  them. 

The  vote  of  thanks  was  accorded  by  acclamation. 

Mr.  E.  F.  Spurrell  said  that  the  paper  was  one  which 
appealed  more  particularly  to  county  engineers  than  to  municipal 
engineers.  As  municipal  engineer  of  a  London  borough,  he  had 
no  long  and  wide  county  roads  under  his  charge.  All  his  roads 
were  paved,  but  he  had  always  taken  great  interest  in  every- 
thing appertaining  to  roads,  wdiether  within  the  Metropolis  or 
elsewhere  ;  and  he  was  of  opinion  that  the  preparations  mentioned 
by  Mr.  Metcalfe  did  not,  to  a  large  extent,  preserve  the  roads. 
They  made  them  less  dusty,  and  the  scavenging  bill  was  con- 
siderably reduced ;  but,  all  the  same,  lie  thought  that  the 
preparations  put  on  by  tar-spraying  machines  formed  merely  a 
thin  skin,  which,  in  a  short  period,  became  worn  off. 

He  sliould  more  particularly  like  to  deal  with  the  third  part 
of  ]\Ir.  Metcalfe's  paper  (page  40),  wliich  dealt  with  "  Coating 
with  materials  previously  treated  with  a  preservative  binder." 
In  the  Borough  of  Holborn  he  introduced  tar  macadam  two  or 
or  three  years  ago,  and  he  had  found  that,  up  to  the  present,  it 
had  answered  exceedingly  well,  and  he  was  getting  his  council 
to  adopt  it  in  other  streets.  It  was  a  material  very  suitable 
for  residential  streets.  It  was  used  by  him  on  a  granite  mac- 
adam road  laid  many  years  ago.  There  had  been  a  complaint 
that  the  road  cost  a  lot  of  money  for  maintenance  and  scaveng- 
ing, and,  therefore,  he  ventured  to  introduce  the  tar  macadam. 
It  was  laid  by  Messrs.  Constable,  Kart  and  Co.  Before  adopt- 
ing it,  he  viewed  several  roadways  in  various  parts  of  the  country 
which  had  Ijeen  laid  with  the  same  material,  and  obtained  the 
opinion  of  Mr.  FitzMauince,  Engineer  of  the  London  County 
Council.  On  the  Thames  Embankment,  Mr.  FitzMaurice  had 
put  down  three  descriptions  of  pavement.  One  was  tarred 
limestone,  a  second  was  tarred  granite,  and  the  third  was  tarred 
slag.  The  first  came  up  within  a  very  short  time.  The  third, 
the  tarred  sla^r,  was  still  down,  and  had  been  subjected  to  a  very 
fast,  light  traffic,  and  it  was  that  description  of  paving  that  he 
(Mr.  Spurrell)  liad  adopted  within  the  Borough  of  Holborn. 
He  had  laid  the  tarred  iron  slag  macadam  in  two  coats.     The 
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bottom  coat  was  to  2-inch  gauge,  and,  when  consolidated, 
measured  2J  inches  thick.  The  top  coat  was  to  inch  gauge,  and 
measured  when  consolidated  2  inches  in  thickness.  The  slag  was 
obtained  from  iron  works  at  Northampton,  and  he  specified  that 
it  was  to  be  free  from  honeycomb  and  dirt,  and  well  dried  before 
mixing.  The  composition  used  was  tar  and  pitch,  in  the  propor- 
tion of  one  gallon  of  tar  to  IJ  lb.  of  pitch.  On  the  completion 
of  the  laying,  the  road  was  thoroughly  rolled,  and  was  left 
4 J  inches  thick.  Up  to  the  present  time  it  had  exceeded  his 
expectations.  It  was  a  thoroughly  good  road,  and  he  was  sure 
that  it  would  be  a  credit  to  Holborn.  and  would  reduce  very 
considerably  the  cost  of  scavenging  and  also  the  cost  of  main- 
tenance. 

Perhaps  the  remarks  which  he  had  made  were  somewhat  in 
the  direction  of  Mr.  Metcalfe's  paper,  but  he  thought  that 
dealing  with  the  roads  in  the  manner  described  in  the  paper  was 
a  very  "  big  order  "  indeed,  and,  unless  the  local  authority  got 
assistance  from  the  Government  towards  the  upkeep  of  county 
roads,  the  country  would  not  get  the  excellent  roads  indicated 
by  Mr.  Metcalfe,  and  which  they  were  all  so  anxious  to  see. 

Mr.  R.  W.  A.  Brewer  said  he  should  like  to  endorse  the 
remarks  of  the  previous  speaker  with  reference  to  the  usefulness 
of  the  information  contained  in  the  paper,  but  he  was  probably 
at  variance  with  the  author  in  some  respects,  as  he  wished  to 
speak  more  from  the  point  of  view  of  a  road-user  than  from  that 
of  a  road-maker.  He  had  used  the  road  for  motor  cars  for  the 
last  five  or  six  years,  and  he  had  travelled  some  fifty  thousand 
miles  in  that  way  in  England  and  abroad.  The  paper  in  a  great 
measure  Ijlamed  the  motor  car  for  making  dust.  From  the 
point  of  view  of  a  motorist,  he  disclaimed  that  charge.  He 
admitted  that  motorists  raised  the  dust,  but  they  did  not  make 
it.  Horses  and  iron  tyres  were  really  the  original  cause  of  the 
dust.  The  author  stated  that  the  sharp  projections  and  the 
under-run  of  the  chassis  had  a  good  deal  to  do  with  the  raising 
of  the  dust.  The  trials  that  took  place  at  Brooklands  showed 
clearly  that  the  clean  sweep  of  the  under-run  to  a  great  extent 
limited  the  amount  of  dust  which  was  raised,  and  it  was  rather 
curious  to  note  that  the  cars  wliich  took  the  prizes  were  steam 
cars.  The  cliassis  was  rather  higher  in  a  steam  car  than  in  a 
petrol  car.  In  tlie  Inst  two  cars  that  he  owned,  the  under-run 
had  })een  perfectly  clear.  The  engine  had  l)een  on  a  metal 
under-frame,  continued  from  the  front  end  of  the  engine  to  the 
tail  end  of  the  gear-ljox  of  those  cars.  Such  cars  did  not  raise 
a  very  great  amount  of  dust.  The  author,  on  page  26,  said  that 
the  lowriess  of  the  centre  of  gravity  in  a  measure  affected  the 
speed  of  cars  in  going  round  a  corner.     He  (Mr.  Brewer)  did 
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not  hold  with  that  statement  in  ever};  respect.  The  risk  in 
going  round  a  corner  was  not  the  risk  of  overturning,  ])ut  the 
risk  of  the  car  skidding  round  the  corner.  He  knew  what 
happened  to  his  own  car,  and  he  had  seen  the  effect  of  skidding 
round  a  corner  on  some  of  the  French  racing  circuits.  The 
speed  in  the  turning  of  a  corner  was  limited  ])y  the  tendency  to 
skid,  and  not  by  tlie  tendency  to  overturn. 

He  would  like  to  refer  to  the  question  of  the  camber  of  roads, 
and  for  this  purpose  he  would  make  use  of  the  blackboard. 

He  illustrated  how  the  wide  tyres  of  heavy  traction  engines 
■could  nut  possibly  bed  on  an  excessively  cambered  road. 

What  happened  was  that  the  road  was  cut  to  pieces  by  the 
wheels,  and  iie  was  sorry  to  say  that  a  great  number  of  the  roads 
on  which  lie  had  travelled  had  suftered  very  much  from  an 
excessive  camber.  Particularly  w^as  this  the  case  with  Consti- 
tution Hill  before  it  was  relaid.  The  effect  was  most  dangerous 
from  a  user's  point  of  view,  and  the  road  was  altogether  faulty 
in  construction.  He  supposed  that  the  idea  of  a  road-maker  in 
constructing  such  a  camber  on  a  road  was,  that  the  water  should 
run  off  the  centre  to  the  sides ;  but,  when  the  road  had  been  in 
use  for  a  short  time,  two  ruts  were  formed  down  the  centre,  and 
they  held  the  water,  and  the  road  went  to  pieces  "  in  no  time." 
Of  course,  in  a  Tarmac  road  they  got  nearer  to  what  they  would 
like  to  have,  namely,  a  flat  road.  From  a  user's  point  of  view 
a  flat  road  was  Ijy  lar  the  more  economical,  because  the  user 
<3ould  go  all  over  it,  and  could  turn  aside  without  risk  to  allow^ 
anytliing  to  pass.  Another  sort  of  road  was  such  as  was  to  be 
found  in  the  main  street  of  Ilford.  Whenever  he  passed  along 
that  road,  he  did  so  with  great  trepidation,  l)ecause  the  centre 
portion  was  paved  with  sets,  and  a  space  of  about  18  inches  or 
2  feet  was  the  limit  between  the  tramway  and  the  edge  of  the 
set.  A  most  shocking  state  of  affairs  occured  where  the  mac- 
adamised road  met  it.  At  that  point  there  was  a  very  excessive 
camber,  which  was  very  dangerous  when  the  road  was  excessively 
wet. 

Of  course,  a  great  point  about  the  whole  thing  was  the 
necessity  for  a  central  authority  to  control  the  roads.  The 
motorists  had  done  their  very  best  with  regard  to  this,  and 
there  had  been  a  deputation  to  Mr.  Asquith  with  regard  to  tlie 
increase  of  taxation,  to  suggest  that  the  money  raised  should  be 
given  to  a  central  authoiity.  It  was  impossible  to  expect  that 
the  local  authorities  of  this  country — a  thousand  in  number, 
he  supposed — could  keep  their  roads  in  anything  like  the  con- 
dition which  was  absolutely  imperative,  or  would  be  so  in  a  few 
3^ears'  time.  Too  much  must  not  be  expected  from  the  road 
engineers.     Motorists   had    done   their    best    to  help  the  road 
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engineei's  in  the  way  of  money  grants.  These,  he  might  say^ 
were  very  small  at  the  present  time,  but  the  motorists  hoped  ta 
get  money  and  to  influence  money.  Of  course,  they  could  not 
afford  very  much ;  but,  if  they  could  induce  the  Government 
to  give  an  adequate  grant  towards  the  roads,  they  would  do- 
something  which  it  was  worth  spending  their  energy  upon.  He 
was  very  pleased  to  see  the  go-ahead  way  in  which  Mr.  Maybury 
had  tackled  this  question.  It  was  quite  a  pleasure  to  drive 
down  some  of  the  main  roads  in  Kent,  say  the  Folkestone  road. 
He  went  over  them  several  times  last  week,  and  he  found  them 
in  very  good  condition  despite  the  bad  weather.  Motorists 
appreciated  very  much  the  eftbrts  of  the  county  surveyors,  and 
he  hoped  that  they  would  be  helped  more  by  the  Government 
than  they  had  been  helped  in  the  past. 

Mr.  Norman  Scorgie  said  that  he  had  read  the  paper  with 
great  interest  and  some  surprise.  Some  of  the  statements  of  the 
author  gave  him  many  misgivings,  and,  while  he  was  willing  ta 
give  credit  to  the  Eoads  Improvement  Association  for  what  they 
had  done  in  a  small  way,  he  was  discouraged  at  hearing  the 
remarks  of  the  last  speaker.  Having  himself  driven  a  car  for 
some  thousands  of  miles,  he  must  say  that  drivers  were  a  very 
selfish  lot.  They  expected  everything  and  everybody  to  get  out 
of  their  way,  and  wanted  to  have  the  whole  road  to  themselves 
without  any  consideration  for  other  traffic.  To  suggest  that  a 
contour  of  anything  like  what  the  last  speaker  drew  on  the 
blackboard  happened  in  actual  practice,  was  misleading. 

He  took  exception  to  Mr.  Glad  well's  suggestion  that  a 
gradient  of  1  in  40,  or  1  in  48,  was  sufficient  for  a  road  even  with 
Tarmac.  They  had  to  keep  the  water  from  lying  on  the  surface 
of  the  roads,  and  he  (Mr.  Scorgie)  would,  in  macadam  roads,  give 
them  at  least  double  the  camber  which  was  shov/n. 

He  did  not  know  the  road  at  Ilford  to  which  Mr.  Brewer 
had  referred,  but  he  could  quite  understand  the  objection  which 
Mr.  Brewer  had  to  that  road.  There  was  no  doubt  that  it  was 
an  old  tramway  made  up  of  macadam,  which  required  a  certain 
amount  of  camber  to  make  it  self-cleansing.  Now  the  centre  of 
the  road  was  paved.  The  authorities  of  Ilford  could  not  go  to 
the  expense  of  reforming  the  haunches  of  the  road,  so  that  they 
had  to  put  the  trams  on  a  level  as  it  was,  and  the  result  was 
that,  while  the  centre  of  the  road  had  a  moderate  camber  for  a 
paved  roadway,  the  haunches,  being  macadam,  must  have  what 
he  considered  an  excessive  fall. 

Mr.  Metcalfe  had  given  some  very  interesting  particulars 
regarding  the  use  of  various  materials.  As  far  as  regards  what 
Mr.  Metcalfe  called  palliatives,  he  agreed  with  him,  because 
he  had  experimented  with  more  than  one.     He  found  that  they 
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were  effective  for  the  time  being,  especially  those  which  he  des- 
cribed as  Akonia  and  calcium  chloride,  yet,  as  soon  as  winter 
came  they  had  trouble,  and  disentegration  took  place.  In  ad- 
dition to  this,  the  very  first  frost  which  they  got  necessitated  a 
sanding  of  the  surface. 

Although  he  was  a  road  engineer,  he  thought  that  a  good  deal 
of  the  trouble  which  was  occasioned  on  the  high  roads  of  England 
was  due  to  the  inefficient  scavenging  of  the  highways.  The 
traffic  would  not  raise  a  dust,  if  the  dust  was  not  there  to  be 
raised.  County  surveyors  had  not  the  money  at  their  disposal 
to  scavenge  the  roads  two  or  three  times  a  week,  as  they  were 
scavenged  in  boroughs.  If  they  treated  a  road  with  tar  mac- 
adam or  any  of  the  palliatives  or  preservatives,  there  must  still 
be  efficient  scavenging.  It  must  be  remembered  that  there  were 
other  vehicles  travelling  on  the  roads  besides  self-propelled  ones. 
Unless  the  horse  droppings  were  cleared  away,  they  went  into 
dust,  and  caused  trouble  over  and  over  again. 

Some  of  the  figures  given  by  Mr.  Metcalfe  were  exceedingly 
startling.  He  told  them  that  the  average  cost  of  main  road 
repair  had  increased  from  68/.  to  95/.  a  mile.  That  was  taken 
from  the  mileage  that  the  surveyor  had  under  his  charge.  But, 
when  he  went  on  to  speak  of  the  cost  of  the  palliatives  and 
the  preservatives,  he  reckoned  that,  with  a  wizard's  wand, 
the  whole  could  be  done  in  one  year,  notwithstanding  the 
fact  that,  if  the  w^hole  of  the  roads  were  recoated  in  one  year, 
the  cost,  instead  of  being  from  68/.  to  90/.  per  annum,  would 
be  from  900/.  to  1000/.  per  annum.  Therefore,  they  must 
either  multiply  the  smaller  sum  by  ten,  or  take  one-tenth  of 
the  other  sum. 

He  hardly  thought  that  the  author  had  expressed  his  own 
opinion  in  the  paper.  He  rather  dealt  with  the  opinions  that 
had  been  expressed  by  other  people.  In  the  first  place,  he  spoke 
of  Mr.  Gladwell  and  the  matrix  system.  If  he  (Mr.  Scorgie) 
might  say'  so,  that  was  no  new  system.  When  he  was  an  assis- 
tant in  a  provincial  town,  the  engineer  tried  the  same  thing, 
with  very  good  results,  not  on  a  macadam  roadway,  but  on  a 
set-paved  roadway,  with  a  view  to  the  diminution  of  the  noise, 
He  also  grouted  the  sets  in  with  pitch  and  tar,  but  the  matrix 
was  made  as  a  cush.  He  thought  that  Mr.  Gladwell's  idea  was 
a  very  good  one,  because,  except  on  the  very  hottest  day  in 
summer,  it  was  impos-iible  to  get  tar  or  any  other  hot  material 
down  to  more  than  j  of  an  inch  of  the  face  of  the  stone.  Wliat 
Mr.  Gladwell  was  going  to  do  was  to  push  it  up  instead  of 
pushing  it  down.  At  the  same  time  he  was  afraid  that  the  cost 
would  be  considerably  more  than  was  sliown  in  the  paper, 
especially  if  Mr.  Gladwell  were  to  endeavour  to  remake  the 
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highways  of  England  by  half  yard  lengths  one-half  of  the  width 
at  a  time. 

As  to  tar  macadam,  that  also  was  very  old.  He  remembered 
putting  some  down  more  than  twenty  years  ago.  It  was,  in  that 
case,  granite  which  was  between,  and  he  could  not  get  the  tar  to 
permeate  the  granite.  He  did  not  know  whether  Mr.  Metcalfe 
had  tried  how  far  the  tar  would  permeate  into  slag,  but  he 
thought  it  would  be  found  that  there  was  only  a  surface  coating 
after  all.  Certainly,  the  tar  did  not  go  down  more  than  J  of  an 
inch. 

He  did  not  asree  that  furnace  slag  would  last  five  to  seven 
times  as  long  as  granite  macadam.  He  had,  on  more  than  one 
occasion,  been  over  to  Battersea,  where  a  considerable  quantity 
of  tar  slag  macadam  of  different  sorts  had  been  laid  down.  Some 
of  the  roads  had  had  practically  no  traffic  upon  them,  except 
tradesmen's  carts.  At  the  time  of  his  visits  they  looked  very 
well,  but  one  road  in  particular,  an  omnibus  road,  was  "  scabby  " 
on  the  surface,  and  he  felt  sure  that  it  would  continue  to  be  so. 
He  thought  that  if  the  ratios  w^ere  reversed,  and  slag  tar  macadam 
was  put  down  twice  as  often  as  granite  macadam,  one  would  get 
nearer  the  truth.  He  had  made  experiments  with  different 
materials  in  London.  In  London  they  did  not  suffer  so  much  from 
the  dust  nuisance,  because  every  macadam  road  in  the  Metropolis 
was  watered.  The  cost  of  palliatives  was  equal  to  that  of 
watering  the  roads,  but  one  could  hardly  think  that  road  water- 
ing would  be  done  upon  27,000  miles  of  main  roads  and  the 
many  district  roads. 

While  referring  to  that  point,  he  would  ask  whether  there 
was  not  some  mistake  in  the  figures  given,  namely,  27,000  miles 
of  main  roads,  and  105,000  miles  of  district  roads,  or  sertii-main 
roads,  making  a  total  of  135,000  miles  of  roads  in  England  and 
Wales  alone. 

Mr.  Metcalfe  said  that  he  had  not  measured  the  roads 
personally,  and  therefore  lie  could  only  give  the  figures  which  he 
had  obtained. 

Mr.  Norman  Scorgie  (continuing)  said  that  lie  had  come 
to  the  meeting  hoping  that  they  might  get  some  solution  of  the 
road  question,  but  he  was  afraid  that  the  difficulties  in  the 
country  were  more  than  engineers  in  town  realised.  Probably, 
the  experiments  which  had  been  made  in  the  Metropolis  would 
tend  to  help  those  authorities  to  whom  a  penny  in  the  pound 
did  not  give  so  much  latitude  as  it  did  in  London.  He  thought, 
with  the  last  speaker,  that  if  anything  of  a  tangible  character 
were  to  be  obtained,  they  must  get  some  grant  from  the  Govern- 
ment. They  certainly  could  not  add  to  the  expenses  of  muni- 
cipal government  by  a  direct  appeal  to  the  ratepayers  of  a  particu- 
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lav  district,  because  it  often  happened  that  it  was  not  the  people 
who  lived  in  a  district  that  created  the  nuisance.  It  was  the 
man  who  called  the  tune,  like  his  friend  the  motor  car  owner 
opposite,  who  shoukl  pay  the  piper. 

Mr.  A.  Gladwell  said  that  he  felt  that  he  was  in  a  difficulty, 
for  he  did  not  know  whether  he  should  first  criticise  the  paper 
or  reply  to  the  inaccuracies  of  Mr.  Scorgie,  who  had  just  sat 
down.  He  was  greatly  indebted  to  that  gentleman  for  giving 
him  an  opportunity  of  replying  to  him,  and  saying  that  he  had 
never  said  that  a  cross  section  of  1  in  48  was  sufficient.  He 
had  never  gone  beyond  1  in  36.  He  did  not  know  wliether  Mr. 
Scorgie  had  given  him  tlie  other  twelve,  or  whether  they  would 
have  to  fight  for  it.  At  any  rate,  1  in  36  was  his  (^Ir.  Glad  well's) 
limit. 

He  had  been  very  mucli  interested  in  Mr.  ^Metcalfe's  paper. 
It  was  a  very  comprehensive  digest  of  what  had  taken  place  in 
connection  with  highway  matters  for  some  time.  Yet  he  was 
sorry  to  see  that  his  attitude  of  mind  was  in  the  direction  of  the 
gospel  of  despair  when  he  said  on  page  27,  "  The  more  one  studies 
the  question  in  relation  to  the  traffic,  and  the  more  one  experi- 
ments both  in  materials  and  methods,  the  more  difficult,  in  some 
respects,  does  the  problem  become,  for  wliat  is  suitable  to  one 
class  of  traffic  in  a  road-surface  is  unsuitable  to  another,  and 
vice  versa."  If  Mr.  Metcalfe  liked  to  apply  himself  to  the  pro- 
blem of  finding  a  road  surface  which  would  be  entirely  suitable 
to  everything  that  came  on  it,  he  would  not  have  any  time  left 
to  prepare  and  read  papers  on  technical  subjects. 

With  regard  to  the  particular  method  of  road  making  with 
which  his  (Mr.  Glad  well's)  name  had  been  associated,  he  must 
correct  Mr  Metcalfe's  statement  that  the  cost  was  od.  or  4d. 
more  tlian  ordinary  macadam.  ]\Ir.  Norman  Scorgie  was  not 
prepared  to  admit  id.  He  (^Ir.  Gladwell)  was  prepared  to  say 
that  on  an  average  it  would  not  cost  so  much.  In  a  fairly  ex- 
tensive experiment,  where  the  manual  labour  and  carting  was 
properl}^  organised  and  the  materials  were  reasonably  available, 
the  cost  of  3d.  to  4c/.  a  yard  would  be  very  much  reduced. 
Mr.  ^letcalfe  made  the  following  absolute  statement :  "  The  cost 
of  work  is  from  Sd.  to  4tZ.  per  square  yard  more  than  ordinary 
granite  macadam,"  but  an  absolute  statement  like  that  could  not 
properly  be  made  with  regard  to  this  method  any  more  than 
with  regard  to  any  other  system  in  existence.  A  little  while 
ago  he  was  astonished  to  rind  in  the  case  of  an  authority  from 
the  neighbourhood  of  Aberdeen,  that  their  granite  cost  them  only 
from  4s.  to  4s.  3d.  a  cubic  yard  delivered  on  the  road.  If  an 
engineer  got  liis  granite  or  principal  materials  very  cheaply 
indeed,  it  was  probable  that  the  bituminous  material  might  cost 
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a  great  deal  more  and  be  less  available  than  it  was  in  other 
districts.  Therefore,  the  cost  might  be  considerably  more  per 
cent,  for  a  system  like  this  than  it  would  be  where  the  granite 
was  very  much  dearer,  and  the  tar  product  very  much  more 
avaihable,  and  consequently  cheaper. 

He  was  grateful  to  the  author  for  havinf]^  mentioned  his 
name  in  the  paper,  and  for  recognising  any  assistance  he  may 
have  given  him. 

Mr.  G.  Green  said  that,  as  one  who  had  to  look  after  some- 
thing like  100  miles  of  roads  in  the  country,  he  should  like  to 
add  his  thanks  to  Mr,  Metcalfe  for  his  interesting  paper.  Mr. 
Metcalfe  had  exhibited  a  great  amount  of  patience  in  the  treat- 
ing of  preservatives  and  palliatives,  a  large  number  of  which  he 
(Mr.  Green)  had  never  heard  of  before.  It  seemed  to  him  that, 
as  road  makers,  they  had  to  look  at  the  matter  from  an  impartial 
point  of  view.  As  Mr.  Metcalfe  had  said,  motor  cars  had  come 
to  stay,  and  road  makers  ought  to  be  very  thankful  for  them, 
much  as  they  might  distress  them,  because  he  believed  that  the 
final  solution  of  the  road  question  for  the  country  would  be  one 
for  which  they  would  be  thankful,  and  one  which  would  be 
probably  cheaper  in  the  end.  He  believed  that  the  question 
was  not,  as  Mr.  Metcalfe  said,  one  partly  of  cost,  but  that  it 
was  one  entirely  of  cost. 

He  thought  that  he  might  take  it  that  Mr.  Metcalfe's  paper 
spoke  of  roads  generally  all  over  the  country  rather  than  main 
high  roads,  or  even  roads  in  the  Metropolis.  In  his  (Mr.  Green's) 
own  district,  (Wolverhampton)  he  should  think  three-quarters 
of  the  roads  were  macadam  roads,  although  they  were  in  a 
borough.  The  local  authority  could  not  afford  to  pave  them. 
He  had  a  very  small  allowance  per  mile  per  annum  to  keep  the 
roads  in  good  condition.  He  had  tried  many  of  the  preparations, 
and  he  had  come  to  the  conclusion  that  tar,  in  one  form  or 
another,  was  the  cheapest  and  best  material  that  they  could 
use. 

Many  road  authorities  said  that  a  large  tax  ought  to  be  put 
on  motor  cars  in  order  to  pay  for  the  roads,  but  he  did  not  agree 
with  tliat  view.  He  did  not  quite  see  how  it  was  going  to  be 
done.  If  a  tax  of  20/.  was  put  on  every  motor  car,  it  would 
not  bring  in  more  than  about  a  million  and  a  quarter  a  year,  ibr  he 
believed  that  there  were  some  60,000  motor  cars  in  the  country 
at  the  present  time.  That  sum  would,  of  course,  be  a  contribu- 
tion, but,  on  the  other  hand,  it  would  probably  discourage  the 
making  of  motor  cars,  and  the  manufacture  was  certainly  a 
national  benefit  in  many  ways. 

As  to  the  Government  paying  half  the  cost  of  the  main 
roads  ;   that  proceeding  would   not  actually  relieve   the   rate- 
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payers,  because  tlie  money  would  come  out  of  another  pocket. 
If  it  did  not  come  out  of  the  rates,  it  would  come  out  of  the 
taxes,  and  he  did  not  think  that  it  would  make  very  much 
difference  in  the  long  run.  When  it  came  out  of  the  rates,  the 
authorities  would  look  at  the  expenditure  much  more  anxiously 
than  if  the  money  was  obtained  by  a  grant  from  the  Government, 
for,  when  a  grant  was  made  by  Government,  it  was  looked  upon 
as  so  much  money  found  for  nothing,  although  the  ratepayers 
really  had  to  pay  the  money  in  the  end. 

Mr.  Metcalfe  had  come  to  the  conclusion  that  most  of  the  pro- 
cesses described  would  make  the  dust-proof  roads  and  the  water- 
proof roads  rather  too  expensive  to  be  adopted  wholesale,  and  the 
only  solution,  therefore,  seemed  to  him  (Mr  Green)  to  be  that 
they  had  either  adopt  them  gradually,  as  he  was  doing  in  his  own 
borough  by  getting  an  extra  grant  every  year,  or  find  out  some 
simpler  method.  He  had  tried  one  method  which  he  had  found 
simpler  and  cheaper  than  tar  macadam  or  any  of  the  other  pre- 
parations, and  that  was  to  make  a  slag  macadam  road,  to  roll  it 
dry,  and  to  grout  it  with  pitch  and  tar.  In  his  district,  a  road  so 
made,  that  is  re-coated,  came  to  something  like  Id.  a  square  yard. 
This  was  only  one-thkd  of  the  cost  of  tar  macadam  in  the  same 
district.  He  was  fortunate  in  living  in  a  district  in  which  they 
got  slag  delivered  on  the  ground  at  3s.  ^d.  per  cubic  yard  or  ton, 
and  he  could  get  tar  macadam  at  about  9s.  a  ton.  He  could  make 
tar  macadam  at  under  2s.  a  square  yard  ;  and  a  slag-grouted  road 
came  out  at  one-third  the  cost  of  the  road  referred  to.  This  had 
an  advantage  which  tar  macadam  had  not,  ^w^  that  was  that  it 
gave  a  very  much  better  foothold  for  horses.  The  road  which 
he  had  made  that  way  had  not  existed  sufficiently  long  for  a 
perfect  test,  but  it  is  a  vast  improvement  on  ordinary  water- 
bound  macadam,  and  has  proved  satisfactory  on  an  motor  omni- 
bus route.  In  the  meantime,  while  they  were  adding  to  their 
improved  roads  a  mile  or  so  each  year  in  the  district,  what  was 
to  become  of  the  vast  majority  of  the  roads  in  the  district  ?  As 
far  as  he  could  see,  the  only  other  way  was  to  treat  them  by  one 
of  the  other  methods — tar-painting  or  tar-spraying — which  had 
the  advantage  of  making  the  road  temporarily  waterproof  in  tlie 
summer,  and  that  lasted,  in  many  cases,  well  into  and  some- 
times over  the  winter. 

Calcium  chloride  and  some  of  the  other  preparations  had  dis- 
advantages, such  as  the  breaking  up  of  the  road  surfaces  and  the 
production  of  mud.  They  lasted  a  short  time  in  moderately  hot 
weather,  but  when  there  was  a  quantity  of  rain  they  became 
mure  iiiiiddy  thau  before. 

Mr.  G.  W.  Manning  thanked  the  author  for  his  paper,  and 
for  the  large  quantity  of  information  which  he  had  embodied  in 
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it.  This  would  be  very  useful  to  professional  people  and  otliers 
who  had  roads  to  make. 

With  regard  to  the  treatment  of  the  surfaces  of  roads  with 
tar,  that,  in  his  opinion,  was  what  they  would  have  to  look  to, 
to  a  great  extent,  in  the  immediate  future.  He  had  the  honour 
of  being  one  of  the  judges  in  the  tar  trial.  The  first  prize  was 
given  to  Clare's  composition  as  the  best  of  that  class  of  material. 
The  report  stated  that  tar  had  to  be  laid  in  a  bulk  more  than 
double  that  of  Clare's  compound,  or  that  class  of  material,  to  give 
an  equal  result.  Clare's  compound  was  laid  extremely  carefully 
and  with  the  greatest  possible  care,  great  credit  being  due  to  the 
people  in  charge  of  the  work,  and  it  was  in  that  way  that  the 
first  prize  was  obtained.  He  had  no  doubt,  in  his  own  mind, 
that  if  the  tar  had  been  spread  in  the  same  manner,  practically 
as  good  a  result  would  have  been  obtained.  Many  complaints 
were  raised  through  the  district  as  to  the  inefficiency  of  crude 
tar.  It  had  been  applied  by  the  tar-spraying  machine.  It  was 
applied  in  an  extremely  light  coat.  He  believed  that  one 
machine  put  on  a  coat  of  crude  tar  so  thin  that  only  a  gallon  of 
tar  was  used  to  18  square  yards.  This  simply  wore  off  at  once. 
As  to  Akonia  and  calcium  chloride,  he  agreed  with  the  last 
speaker  and  Mr.  ISTorman  Scorgie.  His  council  had  made  experi- 
ments with  Akonia,  and  the  results  accorded  with  those  men- 
tioned by  those  two  gentlemen.  With  regard  to  Tarvia,  he  had 
used  a  considerable  amount  of  that  material,  both  as  a  binder, 
and  as  a  top  surface  dresser.  A  point  was  made  in  the  paper 
with  regard  to  thi^  material.  It  was  said,  "  If  the  road  crust  be 
dry,  and  the  weather  fine,  and  all  dust  removed,  one  gallon  will 
cover  from  2  to  3  square  yards,  and  will  penetrate  2  inches  into 
the  surface."  He  did  not  know  much  about  the  penetration,  nor 
did  he  believe  in  it,  but  the  one  galloon  for  2  or  3  square  }'ards 
was  wrong.  With  one  of  the  tar-spraying  machines,  he  obtained 
an  excellent  coating,  which  was  as  good  as  on  the  day  it  was  put 
down,  and  he  got  7  square  yards  to  the  gallon. 

As  to  Mr.  Gladwell's  system,  he  might  mention  that  it  had 
been  liis  pleasure  to  collaborate  with  Mr.  Glad  well  in  that 
matter,  and  he  had  put  down  something  approaching  10,000 
square  yards  under  that  system.  On  the  first  section  of  road 
that  he  put  down,  he  had  great  doubts  in  his  mind  as  to  the 
figures  which  Mr.  Gladwell  gave.  Without  saying  anything  to 
him,  he  made  up  his  mind  to  test  the  matter,  and  he,  giving  the 
necessary  instructions,  carried  out  work  covering  an  area  of 
4840  square  yards.  That  was  with  Tarvia  binder.  He  then 
l;ut  down  a  section  of  road  under  the  water  bind  system,  making 
a  tar-ljound  road  cover  10 J  square  yards  to  the  ton  and  the 
water-bind  cover  11 J  square  yards.     The  relative  cost  came  to 
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Is.  6^d.  for  the  water-biml,  and  Is.  9d.  for  the  tar-l)m(l,  thus 
giving  a  difference  of  2  J'/,  in  the  cost  over  the  water-bound  road. 
He  then  tried  another  section  of  road  covering  llj  yards.  This 
came  out  at  ^d.  a  yard  above  the  water-bound  road ;  so  that  the 
difference  of  cost  in  a  tar-bound  road  need  not  be  considered, 
being  very  little,  if  anything,  above  a  water-bound  road,  if  put 
down  properly  and  with  reasonable  care. 

Passing  on  to  Hooley's  Tarmac,  he  could  only  say,  that  here 
again  he  had  had  the  best  possible  results,  both  with  heavy 
traffic  and  with  light  fast  traffic.  From  January  to  March, 
1903,  he  laid  a  section  of  some  600  yards  with  Tarmac  on  a 
main  road  out  of  London,  and  it  was  to-day  practically  as  good 
as  when  laid.  The  ordinary  macadam  road  at  either  end  was 
made  up  at  the  same  time  ;  since  then  it  had  been  repaired  twice, 
the  total  cost  being  Is.  5d.  per  square  yard.  The  Tarmac  laid 
eleswhere  gave  equally  good  results.  The  only  objection  that 
could  be  raised  against  Tarmac,  by  those  who  knew  how  to  lay 
it,  was  its  initial  cost  for  country  roads. 

Mr.  H.  C.  H.  Shenton  said  that  he  wished  to  raise  a  ques- 
tion which  seemed  to  have  been  overlooked.  What  would  be 
the  effect  upon  streams  and  rivers  and  lakes  alongside  the 
main  roads  when  the  washings  from  the  roads  were  carried  into 
them  ?  He  had  heard  the  point  raised  by  chemists  that  con- 
siderable trouble  was  to  be  anticipated  from  the  fish  in  the 
trout-streams  being  poisoned.  As  the  washings  from  country 
roads  ran  into  such  streams,  the  point  might  be  an  important 
one,  seeing  that  private  owners  could  obtain  considerable 
damages  or  compensation  from  the  road  authorities  where 
valuable  fish  were  destroyed. 

Mr.  T.  Murphy  said  that  it  had  occurred  to  him  that  the 
author  had  perhaps  laid  a  little  too  much  stress  on  the  question 
of  price  with  regard  to  the  processes.  For  instance,  if  they 
obtained  a  longer  life  in  the  roads,  the  ultimate  cost  should  not 
come  out  at  more  than  an  ordinary  macadam  road,  and  he 
believed  that,  in  many  cases,  it  would  come  out  at  considerably 
less.  Of  course,  a  great  deal  had  been  expected  from  ordinary 
macadam,  treated  with  tar,  but  he  believed  that  the  properties 
of  tar  were  not  properly  understood  at  present  liy  many  who 
used  it,  which  was  one  reason  wliy  in  one  district  they  got  a 
very  good  result,  and  in  another  district  a  very  bad  result,  and 
that  was  home  out  by  the  statements  of  surveyors. 

Mr.  H.  Conradi  said  that  he  would  draw  the  attention  of 
liorough  engineers  and  surveyors  to  a  paper  read  last  week 
before  the  Koyal  Society  of  Arts  by  Professor  Dr.  Hele-Shaw, 
F.R.S,,  stating  that  either  asphalt  or  wood  paving  supply  the 
best  road.     He  recommends  strong  binding  material,  and  deep 
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taring  and  steam-rolling;  while  Colonel  Crompton,  C.B.,  strongly 
recommends,  besides,  the  increase  of  the  diameter  of  the  wheels 
of  all  motor  vehicles.  He  lived  in  a  district  in  which  he  had 
had  considerable  experience  of  motor  buses.  At  first,  the  com- 
panies had  about  ninety  motor  buses,  running  between  Crickle- 
wood  and  the  City,  and  he  had  studied  the  question  of  dust,, 
which  was  a  terrible  nuisance.  It  would  be  very  interesting  to 
find  a  solution  for  that  public  nuisance.  He  had  several  times 
stood  for  a  whole  hour,  observing  the  different  steam  and  petrol 
lorries  and  private  motor  cars  running  along  the  road,  in  order 
to  find  out  the  cause  of  the  tremendous  dust.  He  observed 
that  the  motor  buses  at  the  present  moment  had  too  small 
wheels,  and  the  body  of  the  car  should  be  at  a  greater  distance 
from  the  level  of  the  road,  especially  as  there  were  petrol  and 
oil  tanks,  gear  boxes,  driving  shafts,  and  so  on,  underneath  it. 
While  the  car  was  running,  the  form  which  the  dust  took  was 
that  of  a  cone.  The  dust  cone  came  out  at  the  back  of  the  car, 
after  having  been  partly  formed  through  the  wheel-tyres  crush- 
ing the  surface  material  of  the  road.  The  rapid  revolutions 
cause  the  fine  crushed  particles  to  be  picked  up  by  the  wheel- 
tyre,  especially  where  they  are  grooved,  as  those  of  the  motor 
omnibuses.  As  soon  as  the  centrifugal  power  overcomes  the 
attractive  and  adhesive  power  of  the  rapid  revolutions  of  the 
wheel,  the  dust  is  thrown  up  certainly  from  6  to  10  feet  high, 
and  is  spread  all  over  the  road.  He  could  assure  the  meeting 
that  he  had  gone  home  like  a  miller  after  standing  in  the 
summer  watching  the  dust.  The  road  was  much  frequented  by 
motor  lorries  and  private  motor  cars,  and  other  traffic.  With 
the  electric  tramcars  going  from  Cricklewood  to  Hendon,  and 
from  Willesden  Green  to  Hendon,  the  same  thing  occurred,  but 
not  so  heavily.  He  was  not  a  road  engineer,  and  he  believed, 
from  what  he  observed,  that  the  road  from  the  Crown  Hotel,. 
Cricklewood,  up  to  Brondesbury  Station  was  wood  paving,  well 
gravelled,  well  tarred  during  construction,  and  now  also  during 
maintenance,  and  the  road  appeared  so  far  to  be  well  laid 
and  well  kept.  The  dust  and  noise  problem  was  one  of  the 
most  urgent  for  the  general  public.  He  was  not  speaking  of 
the  danger  which  motor  buses  and  motor  cars  caused  through 
reckless  driving,  but  the  deterioration  of  property  along  the  line 
of  the  road  from  Cricklewood  to  Brondesbury  Station  amounted^ 
he  should  think,  to  several  hundred  thousand  pounds.  He 
thought  that  it  would  be  to  the  interest  of  borough  engineers 
and  of  local  authorities  to  study  the  dust  and  noise  question, 
and  also  the  construction  of  roads,  so  as  to  prevent  the  tre- 
mendous noise  which  was  going  on  all  day  long,  caused  by 
the  gearing  and  chain-drive  of  the  wheels,  and  which  was,  for 
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persons  who  lived  along  the  roadway,  really  unbearable.  The 
iDuses  began  to  run  between  seven  and  eight  o'clock  in  the 
morning,  and  they  went  on  till  one  o'clock  in  the  next  morning. 
The  unpleasantness  and  the  suffering  might  be  understood,  when 
they  remembered  tliat  something  like  sixty  or  more  omnibuses 
were  running  up  and  down  the  road  all  day  long. 

Mr.  A.  J.  Metcalfe  replying  upon  the  discussion,  remarked, 
that  Mr.  Norman  Scorgie  had  accused  him  of  not  giving  his  own 
opinion  in  the  paper.  There  were  a  few  of  his  own  opinions  set 
forth  in  the  paper,  but  he  had  always  thought  that  other  men's 
facts  were  better  than  one's  personal  opinions.  The  same 
speaker  also  said  he  considered  that  ordinary  granite  macadam 
would  last  longer  than  Tarmac.  Well,  on  that  point  Mr.  Scorgie's 
opinion  did  not  agree  with  other  men's  facts.  Mr.  Scorgie's 
observations  had  been  unfortunate,  and,  if  he  had  been  doing  in 
Hackney  any  of  this  kind  of  work,  he  did  not  want  to  say  he 
had  not  done  it  well,  but  he  was  almost  led  to  make  that 
accusation. 

As  to  Mr.  Gladwell's  remarks  on  the  approximate  prices 
which  he  had  quoted,  the  only  answer  was  that  those  prices 
were  statements  of  fact,  and  they  were  also  what  he  considered 
to  be  the  average  prices. 

As  to  Mr.  Manning's  remarks  about  the  covering  capacity  of 
tar  and  the  penetration  of  2  inches,  he  did  not  think  that,  if 
they  got  a  penetration  of  2  inches,  a  gallon  would  cover  7  square 
yards  of  surface  ;  in  his  opinion,  if  3  to  4  square  yards  were 
covered,  it  would  be  all.  Of  course,  this  was  qualified  by  the 
consistency  of  the  material.  The  thinner  the  material,  the  more 
it  would  penetrate  and  cover.  If  it  was  thicker,  it  would  not 
go  so  deep  nor  grout  the  same  area. 

With  regard  to  Mr.  Shenton's  question,  he  could  quite  appre- 
ciate that,  if  there  was  an  extra  amount  of  tar  used  in  the  aggre- 
gate, or  more  tar  than  needed,  the  surplus  tar  would  be  washed 
into  the  streams.  As  to  the  effect,  that  was,  of  course,  more  a 
chemist's  or  biologist's  question,  and  it  required  a  chemist  or 
biologist  to  answer  it.  He  did  not  know  what  the  effect  would 
be  upon  the  fish  or  upon  anything  else  living  in  the  streams. 
Probably,  if  the  stream  had  been  previously  polluted  by  sewage 
it  would  be  a  very  good  thing,  and  would  act  as  a  deodoriser  if 
nothing  more. 

He  was  much  obliged  to  the  speakers  and  to  the  audience 
for  the  way  they  had  received  the  paper,  and  for  their  attention. 
He  did  not  in  reading  the  paper  expect  them  all  to  agree  with 
all  it  contained,  and  he  was  glad  that  it  had  provoked  a  little 
difference  of  opinion. 
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(Supplemental  Reply  Communicated.) 

Mr.  A.  J.  Metcalfe  wrote  at  a  later  date,  stating  that,  after 
fuller  consideration  of  the  points  raised  in  the  discussion,  he 
desired  to  make  a  supplemental  reply  on  the  following  points. 

Regarding  Mr.  Brewer's  remarks  he  fully  agreed  that  there 
ought  to  be  more  united  action  between  the  motor  and  traction 
engineer  on  the  one  hand,  and  the  road  engineer  on  the  other ; 
and  could  fully  understand  Mr.  Brewer's  contention  that,  on 
roads  of  excessive  camber,  the  large  flat  driving  wheels  of 
traction  engines,  etc.,  would  cut  into  the  road  on  the  inner  edges 
of  the  wheels  and  not  touch  the  roadway  on  the  outer  edges. 
The  author  contends  it  was  here  that  the  motor  and  traction 
engineer  should  do  something  in  the  shaping  of  the  wheels  to 
make  them  more  fitted  for  travelling  on  the  roads,  as  they  all 
have  a  camber  varying  from  1  in  40  to  1  in  18  or  so,  and,  if  a 
slight  bevel  were  given  to  the  wheels,  much  less  harm  would 
be  done  to  the  road  surface,  and  the  weight  would  be  more 
evenly  distributed. 

The  author  could  not  agree  with  Mr.  Brewer,  who  had  stated 
that  motor  cars  made  no  dust,  and  that  they  only  disturbed  the 
dust  already  formed  on  the  road. 

When  he  considered  that  all  the  tractive  effort  propelling  the 
car  forward  was  situated  between  the  road  surface  and  the 
driving  wheels  of  the  car,  and  that  most  of  the  wheels  are  now 
steel-studded,  or  otherwise  protected  by  a  metallic  device  of 
some  kind  to  reduce  wear,  there  was  no  other  conclusion  possible 
to  the  person  of  open  mind  than  that  a  certain  amount  of  grind- 
ing action  must  be  set  up  between  the  wheels  and  the  road 
surface,  forming  grit  and  dust. 

The  same  speaker  also  stated  that  the  liability  to  "  skid  "  is 
far  more  to  be  feared — when  turning  a  corner — than  that  of 
overturning.  Granted,  but  the  author  contended  that  the 
tendency  to  skid  and  also  to  overturn  are  very  closely  allied. 
The  motor  bus  was  a  vehicle  both  liable  to  skid  and  overturn  ; 
not  merely  because  of  its  greater  weight,  or  because  of  any  error 
in  the  construction  of  the  wheels  or  tyres,  or  even  in  the 
balancing  of  the  vehicle,  but  because  the  centre  of  gravity  of 
the  bus  was  much  higher  than  in  the  case  of  motor  cars.  Thus 
the  author  contended  that  dangerous  corners  would  be  nego- 
tiated by  many  motorists  at  higher  speeds  than  they  hitherto 
had  been,  with  the  probable  result  of  an  increased  number  of 
accidents. 

Mr.  Scorgie  had  mentioned  the  unsatisfactory  condition  of 
the  road-surfaces  in  Battersea  made  of  tar  macadam.     He  (the 
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author)  had  seen  some  of  the  Battersea  roads,  and  was  struck 
with  the  excessive  camber  several  of  these  roads  possessed,  and 
this  fault  was,  in  his  opinion,  the  chief  reason  they  were  not  as 
satisfactory  as  they  should  and  might  have  been ;  undoubtedly 
there  had  been  faihires  with  this  kind  of  macadam,  but  they 
must  not  allow  themselves  to  be  too  much  influenced  by  such. 

Mr.  Scorgie  stated  that  tar  did  not  penetrate  into  slag.  This 
statement  the  author  maintained  was  wrong,  for  he  had  person- 
ally broken  a  2  inches  diameter  piece  of  Tarmac,  and  found  that 
the  oil-of-tar  had  penetrated  right  to  the  core. 

To  get  this  penetration  it  required  tlie  slag  to  be  dry,  prefer- 
ably hot,  and  the  tar  at  boiling  point,  and  brought  together  in 
this  state,  and  thoroughly  saturated  and  mixed. 

Mr.  Scorgie  also  stated  he  could  not  understand  what  material 
per  ton  in  Mr.  Hooley's  figures  had  to  do  with  the  figure  for 
scavenging.  The  author  considered  the  statement  perfectly  clear 
as  it  stated  a  certain  area  8825  square  yards  of  roadway.  The 
labour  was  for  a  period  of  3  weeks,  then  the  comparison  w^as 
quite  a  fair  one  and  perfectly  clear. 

The  figures  did  not  show  that  the  price  of  materials  per  ton 
had  anything  to  do  with  the  item  of  labour,  etc. 

The  author  was  accused  of  showinfj  in  his  fii:^ures  of  the  cost, 
that  the  cost  quoted  for  the  whole  of  the  main  roads  would  be 
an  annual  charge.  On  uage  44  they  would  find  he  had  made 
one  calculation  on  the  basis  of  a  12  years'  life.  Where  surface 
treatment  was  resorted  to,  which  would  only  last  on  an  average 
for  12  months,  then  it  m\ist  be  shown  as  an  annual  charge. 


61 


April  6th,  1908. 

THE   DESTRUCTION   OF    ARCH    BRIDGES. 

By  H.  C.  D.  Scott,  M.S.E. 

In  the  following  paper  the  author  proposes  to  deal  principally 
wdth  the  methods  adopted  for  destroying  old  arch  bridges 
carrying  public  roads  over  a  main  line  of  railway. 

The  works  on  which  this  paper  is  based,  were  necessitated 
through  the  widening  of  the  L.  &  N.  W.  E.  Co.'s  main  line  at 
various  places  between  Preston  and  Penrith ;  and  on  the 
G.  W.  E.  Co.'s  widening  between  Maidenhead  and  Didcot. 

First  tlie  author  will  deal  with  the  bridges  on  the  Oxheys 
and  Broughton  widening,  which  was  commenced  in  March 
1900. 

This  widening  was  just  over  3^  miles  long  and  cost  50,000/., 
which  amount  includes  1000/.  for  the  removal  of  old  bridges, 
28,000/.  for  re-building  these  bridges,  1000/.  for  extra  daywork, 
20,000/.  for  muck  shifting,  drainage,  etc.,  but  does  not  in- 
clude an  amount  which  was  awarded  at  a  subsequent  arbitra- 
tion and  which  the  author  is  sorry  he  has  not  been  able  to 
ascertain. 

There  were  eight  brick  segmental  arch  bridges  to  be  removed 
on  this  widening,  seven  of  which  consisted  of  a  single  span  of 
about  30  feet,  and  one  bridge,  which  was  in  a  deep  cutting, 
consisted  of  a  30-foot  arch  over  the  railway,  and  two  side  arches 
of  about  25  feet  span  each.  The  new  bridges  had  a  span  of 
52  feet  each,  and  were  constructed  with  two  main  plate  girders, 
cross  girders,  and  jack  arches.  This  design  being  adopted  for 
its  quickness  of  erection.  The  removal  of  the  old  arches,  and 
other  parts  of  these  bridges,  immediately  over  the  main  lines, 
was  a  matter  of  some  difficulty,  as  the  heavy  passenger  and 
goods  traffic  underneath  was  in  no  way  to  be  interfered  with. 

It  was  finally  decided  to  use  explosives  and  in  all  cases  the 
arches  of  these  bridges  were  destroyed  by  blasting,  as  this  was 
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considered  to  be  the  quickest,  as  well  as  the  most  economical 
method  of  dealing  with  them. 

It  is  proposed  to  describe  the  method  adopted  in  blowing 
lip  the  three-arch  bridge  mentioned  above,  as  this  is  the  most 
interesting  example,  and  is  typical  of  the  method  adopted  in 
the  cases  of  the  single  span  arches. 

The  three-arch  bridge  carried  a  public  road  in  the  country, 
called  Lightfoot  Lane,  over  the  railway.  There  is  not  a  large 
traffic  on  this  road,  but  provision  had  to  be  made  for  dealing 
with  it,  during  the  destruction  of  the  bridge,  and  the  erection 
of  the  new  one,  by  constructing  a  temporary  trestle  bridge  by 
the  side  of  the  old  bridge.  The  old  bridge  was  built  entirely  of 
brickwork,  the  parapet  and  spandrel  walls  being  set  in  cement, 
but  the  arches  and  backing  were  set  in  lime  mortar. 

The  arches  consisted  of  two  one-brick  rings,  as  shown  in 
Fig.  1,  but  towards  the  springing  they  were  half  a  brick  thicker. 

The  two  piers  were  about  5  feet  6  inches  thick  each  at  the 
rail  level,  but  at  the  springing  level  were  only  about  3  feet  thick, 
the  faces  and  ends  being  built  to  a  batter  of  practically  1  in  16. 
It  may  be  mentioned,  though  quite  a  minor  matter,  that  the 
old  work  on  the  L.  &  N.  W.  E.  was  practically  all  built  to  a 
batter  of  1  in  16  :  but  for  new  works  this  has  been  increased  to 
1  in  12.  In  some  cases  it  is  impossible  to  measure  the  original 
batter,  as  in  the  case  of  a  retaining  wall  at  Eamont  Junction, 
near  Penrith,  which,  instead  of  being  battered,  was  until  latterly, 
overhanging  as  shown  in  Fig.  2. 

The  parapets,  road  surface,  and  filling  over  the  backing  were 
removed  on  week-days  and  trenches  were  excavated  through  the 
backing  over  the  centres  of  the  piers  and  over  the  springing  of 
the  side  arches :  in  the  latter  case  the  trenches  being  carried 
sufficiently  deep  to  expose  the  extrados  of  the  arches.  Twelve 
holes  were  "jumped"  in  the  crown  of  each  arch  about  10  inches 
deep ;  8  holes  in  each  outside  haunch  of  the  side  arches  perpen- 
dicularly over  the  springing,  about  2  feet  8  inches  deep ;  and 
8  holes  in  the  spandrel  filling  over  each  pier.  These  holes  were 
from  1^  to  2  inches  in  diameter,  and  were  driven  from  the  top 
downwards,  being  spaced  approximately  at  equal  intervals  across 
the  width  of  the  bridge.  On  the  morning  of  the  Sunday  on 
which  it  had  been  decided  to  blow  up  the  arches  these  holes 
were  charged.  All  the  bridges  were  destroyed  on  Sundays,  as, 
on  these  days  it  was  possible  to  obtain  the  longest  interval 
between  trains. 

Of  course,  no  explosive  was  allowed  to  be  put  in  the  holes 
until  the  last  train  had  passed  and  was  signalled  "  clear  "  of  the 
block  in  which  the  bridge  was  situated. 

The  explosive  used  was  "  Tonite  "  consisting  of  about  54  per 
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cent,  of  gun-cotton  pulp  and  46  per  cent,  of  barium  nitrate.  It 
is  a  high,  disruptive  explosive,  possessing  great  shattering  power, 
and  is  moreover  unaffected  by  wet ;  this  latter  beinoj  an  important 
point,  as,  when  once  the  date  for  the  work  had  been  fixed,  and 
all  preparations  made,  a  postponement,  or,  worse  still,  a  partial 
failure  owing  to  damp  explosive,  would  have  been  most  unfortu- 
nate. 

16  oz.  of  this  compound  were  placed  in  each  hole  in  the 
crowns,  28  oz.  in  each  hole  in  the  haunches  over  tlie  abutments, 
and  30  oz.  in  each  hole  over  the  piers  ;  this  making  a  total  charge 
of  94  lb.  of  Tonite.  Wooden  rammers  were  used  to  drive  the 
charge  well  home,  detonators  were  then  placed  in  each  hole,  to 
the  ends  of  which  were  attached  quick  burning  fuses  (speed 
about  300  feet  per  second).  These  fuses  were  made  of  loose 
gunpowder  in  a  rubber  tube.  Quicklime  was  then  put  into  the 
holes  and  pressed  firmly  home,  to  absorb  any  moisture,  then 
some  sand  was  put  in  the  holes,  and  finally  the  holes  were  plugged 
with  a  lump  of  soft  wet  clay.  On  the  G.  W.  Railway  only  fine 
dried  engine  sand  is  used  for  "  tamping  "  and  is  considered  quite 
sufficient. 

The  extrados  of  the  arches  were  then  covered  with  bushes, 
which  were  in  their  turn  weighted  with  heavy  iron  chains.  This 
last  precaution  was  to  prevent  the  brickwork  scattering. 

■  Fig.  3  shows  the  arrangement  of  the  holes  on  plan  and  the 
grouping  of  the  quick  burning  fuses,  all  the  fuses  from  each  row 
of  shots  being  brought  together  and  attached  to  a  slow  burning 
fuse  (made  of  tightly  packed  gunpowder  in  a  gutta-percha  tube 
and  with  a  speed  about  2  feet  per  minute)  the  length  of  this  fuse 
being  regulated  according  to  the  order  in  which  the  shots  were 
intended  to  be  fired.  In  arranging  these  fuses  great  care  must 
be  taken  to  ensure  the  simultaneous  explosion  of  all  the  charges 
in  each  line  of  holes,  as,  if  one  cartridge  was  to  explode  before 
the  others,  it  might  dislodge  some  of  the  unexploded  ones, 
and  these  falling  amongst  the  debris,  would  be  a  source  of  great 
danger  to  the  men  clearing  away  the  debris  after  the  explosion. 
The  fuses  should  also  be  weighted  down,  before  being  fired,  with 
pieces  of  brick,  or  stone;  especially  in  the  case  of  the  time  fuses, 
which  in  burning,  sometimes  coil  back  upon  the  instantaneous 
fuses  and  fire  them  before  their  time.  It  has  also  been  found  that 
the  instantaneous  fuses,  unless  weighted,  are  apt  to  pull  away  from 
the  cartridge,  which  then  falls  amongst  the  debris,  unexploded. 

Of  course,  the  instantaneous  fuses  cannot  all  be  precisely  the 
same  length,  owing  to  tlie  central  holes  in  the  line  of  charges 
being,  of  necessity,  nearer  the  igniter  than  those  on  the  extremi- 
ties, but  the  difference  in  time  between  the  explosion  of  the 
•central  charge  and  the  outside  one  is  so  small,  owing  to  the 
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great  speed  of  the  fuses,  that  it  need  not  be  considered.  In  fact, 
during  the  destruction  of  a  bridge  on  the  G.  W.  Eailway  near 
Eeading,  the  difference  in  time  was  found  to  be  only  one  fifteenth 
part  of  a  second. 

In  addition  to  the  holes  described  above,  each  pier  had  eight 
horizontal  holes  as  low  down  as  they  could  be  conveniently 
placed,  on  the  side  away  from  the  railway ;  and  about  18  inches 
deep.  Also  two  holes  1  foot  8  inches  below  springing  level,  on 
the  same  side,  but  inclined  downwards  in  order  to  give  a  better 
effect  to  the  discharge ;  and  2  feet  6  inches  deep.  The  holes  in 
the  pier  on  the  widened  side  of  the  railway,  that  is  the  pier  on 
the  west  side  (see  Fig.  4),  were,  however,  not  charged. 

Both  up  and  down  lines  had  been  absolutely  blocked  on  the 
Sunday  on  which  this  work  was  done,  from  12  o'clock  noon  to 
4.30  p.m.  for  the  down  road,  and  5  o'clock  p.m.  for  the  up  road. 

Immediately  the  lines  were  blocked,  the  rails  and  sleepers 
were  removed  by  the  company's  men.  This  precaution  is  always 
taken  on  the  L.  &  N.  W.  K.,  but  on  some  of  the  other  railways 
it  is  not  thought  necessary.  When  the  lines  are  not  removed 
the  road  must  be  protected  from  damage  by  the  falling  material. 
This  is  done  by  covering  the  rails  with  either  bundles  of  straw 
or  stout  planks.  The  latter  being  the  better  way  as  the  straw  is 
apt  to  hinder,  to  a  great  extent,  the  use  of  shovels  when  clearing 
away  the  debris.  The  author  considers  the  removal  of  the  lines 
most  satisfactory,  as  this  does  away  with  any  risk  of  the  rails 
being  cracked  ;  and  the  extra  time  required  to  relay  the  road 
is  very  small.  The  slow-burning  fuses  were  then  fired  simulta- 
neously, their  lengths  being  so  arranged  that  the  crown  shots  of 
the  centre  arch  should  explode  first,  then  the  crown  shots  of  one 
of  the  side  arches,  to  be  followed  by  the  haunch  and  pier  shots 
of  the  same  arch,  the  shots  in  the  other  arch  following  in  the 
same  order  and  lastly  the  shots  in  the  pier. 

The  explosion  of  the  crown  shots  crippled  the  centre  arch 
somewhat,  but  it  still  remained  standing.  After  a  lapse  of 
about  20  seconds,  the  crown  and  haunch  shots  of  one  of  the  side 
arches  exploded  simultaneously,  with  the  result  that  this  side 
arch  and  the  centre  arch  fell  completely.  A  few  seconds  later 
the  crown  and  haunch  shots  over  the  abutment  of  the  remaining 
side  arch  exploded  simultaneously,  the  greater  part  of  the  arch 
falling,  but  leaving  a  mass  of  overhanging  brickwork  from  the 
pier,  which  however,  on  the  explosion  of  the  shots  over  the  top 
of  this  pier  a  second  or  two  afterwards,  was  blown  down.  The 
shots  in  the  base  and  top  of  this  pier  were  the  last  to  explode, 
with  the  result  that  the  whole  pier  appeared  to  lift  bodily  about 
6  inches  and  then  drop  down  again,  but  beyond  some  bad  cracks, 
the  pier  did  not  appear  to  have  suffered  very  much  damage. 
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Within  about  15  minutes  of  firing  the  fuses,  the  whole  of  the 
arches  were  down. 

A  gang  of  men  then  commenced  to  clear  the  railway  of  the 
resulting  debris,  which  in  many  cases  consisted  of  large  blocks 
of  brickwork  which  had  to  be  broken  up  before  they  could  be 
removed.  The  old  brickwork  was  finally  broken  small  and  used 
for  concreting.  After  2^  hours  work  one  road  was  cleared  and 
open  for  traffic,  and  IJ  hour  later  the  other  road  was  reopened. 
There  were  95  men  engaged  on  the  above  work,  74  of  them 
belonging  to  the  contractor,  and  the  remaining  21  being  railway- 
men  ;  the  latter  only  being  employed  in  taking  out  tlie  rails  and 
sleepers,  etc.,  and  relaying  the  roads  after  tlie  bridge  was  down. 
The  cost  of  blowing  down  this  bridge  and  clearing  the  lines 
afterwards,  was  about  2001. 

All  the  remaining  bridges  were  blown  down  in  a  similar 
manner ;  the  only  feature  of  note  being  in  connection  with  the 
single  arch  bridge  carrv  ing  a  public  road,  known  as  Eldon  Street, 
over  the  railway.  About  30  yards  to  the  west  of  this  bridge 
stands  a  chimney,  100  feet  high,  belonging  to  Eldon  Street  Mill, 
the  windows  in  the  lower  stories  of  which  were  boarded  up  to 
protect  the  glass.  Some  doubts  were  entertained  as  to  the 
advisability  of  blowing  this  bridge  down,  owing  to  the  nearness 
of  the  chimney.  The  work  was,  however,  proceeded  with,  and 
subsequent  events  proved  the  doubts  to  have  been  groundless,  a& 
the  explosion  caused  not  the  least  harm  to  the  chimney. 

The  next  work  to  be  considered  was  the  widening  of  tht 
L.  &  X.  W.  main  line  from  Clifton  and  Lowther  Station,  to  Eden 
Valley  Junction,  a  distance  of  al)out  one  mile. 

This  widening  was  commenced  in  February  1903  at  a  cost  of 
8500/. ;  of  which  amount  150/.  was  allowed  for  removing  old 
bridges ;  3000/.  for  the  re-building  of  same  ;  100/.  for  providing 
a  temporary  bridge  at  the  south  end  of  the  works,  in  order  to 
move  the  muck  on  the  ea^t  side  of  the  line  to  the  spoil  ground 
on  the  west  side ;  and  5250/.  for  other  temporary  works,  muck 
shifting,  drainage,  etc.  There  was  only -one  bridge  blown  down 
on  this  widening,  a  masonry  segmental  arch  bridge  of  30  feet  span, 
carrying  a  private  road  over  the  railway  at  the  junction  of  the 
L.  &  N.  W.  and  X.  E.  liailways.  Special  arrangements  were 
made  with  the  owner,  and  no  temporary  bridge  was  erected. 
It  was  decided  to  bhjw  this  bridge  down  on  Sunday,  May  10, 
1903,  arrangements  being  made  to  totally  block  both  lines  from 
10  o'clock  a.m.  until  three  o'clock  p.m.,  but,  owing  to  tlie  traflic, 
the  lines  were  not  blocked  until  10.20  a.m. 

The  road  metalling,  parapet  walls,  backing,  etc.,  having  been 
removed  the  preceding  week,  to  the  extent  shown  on  Fig.  5,  the 
work  of  removing  the  arch  was  at  once  proceeded  with.     Six 
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holes,  2  inches  in  diameter,  and  10 inches  deep,  were  "jumped" 
in  the  crown  of  the  arch,  each  hole  being  charged  with  IJ  oz.  of 
gelignite  :  the  rest  of  the  work  being  carried  on  in  a  similar  way 
to  that  of  the  three-arch  bridge,  already  described  ;  the  charging 
of  these  holes  is  shown  by  Fig.  6.  After  about  five  minutes 
from  the  time  tlie  slow  fuses  were  fired,  the  shots  exploded 
simultaneously,  with  the  result  that  the  arch  fell  completely, 
with  the  exception  of  a  little  overhang  at  each  springing,  which 
was  easily  removed  by  hand.  The  abutment  on  the  widened 
side  of  the  railway,  the  west  side  (see  Fig.  5)  was  also  removed 
by  hand,  during  the  succeeding  week.  The  work  of  clearing  the 
debris  was  in  this  case  helped  by  the  use  of  a  5-ton  crane  ;  heavy 
masses  of  masonry  being  thus  picked  up,  swung  round,  and 
deposited  on  the  site  of  the  new  line,  where  it  was  finally  broken 
up  and  laid  as  bottom  ballast,  9  inches  thick.  Barrow  roads 
also  being  put  in  wherever  possible.  By  3.15  p.m.  the  down 
road  had  been  cleared  and  re-opened  for  traffic,  the  up  road 
being  re-opened  by  3.37  p.m.  The  only  delay  to  traffic  was  a 
goods  train  which  was  "  held  "for  20  minutes  at  Shap  station  ; 
but  probably  this  would  not  have  occurred,  if  the  traffic  depart- 
ment had,  as  intended,  given  possession  of  the  lines  at  10  o'clock 
a.m.  The  only  feature  of  note  in  connection  with  this  arch,  was 
the  comparatively  small  charge,  only  0  oz.  of  gelignite,  required 
for  its  destruction.  The  mortar  was  slightly  perished  at  the 
face,  but  the  bridge  was  perfectly  sound. 

Very  different  was  the  case  of  a  brick  arch  bridge,  of  20  feet 
space,  carrying  the  approach  road  to  the  L.  &  N.  W.  goods 
yard,  at  Preston,  over  a  branch  line  connecting  the  Eibble 
sidings  with  Preston  Docks.  This  arch,  which  consisted  of 
three  rings  as  shown  in  Fig.  7,  had  to  be  removed,  and  the 
bridge  re-constructed,  in  a  new  position,  to  make  room  for  the 
widening  of  the  lines  south  of  Preston  Station.  The  new 
bridge  was  first  built  and  a  temporary  diversion  made  in  the 
approach  road,  in  order  that  there  should  be  no  stoppage  of 
traffic  to  and  from  the  goods  yard.  Six  holes  were  "jumped" 
in  the  crown  of  the  arch  and  nine  holes  in  each  haunch ;  the 
former  being  charged  with  16  oz.,  and  the  latter  with  28  oz.  of 
tonite  each.  The  crown  shots  exploded  first,  and  crippled  the 
arch,  followed  a  few  seconds  later  by  the  haunch  shots,  which 
again  cracked  the  arch,  but  failed  to  bring  it  down.  So  badly 
cracked  was  the  arch,  however,  that  it  was  unsafe  for  the  men 
to  work  on.  A  temporary  staging  was  therefore  erected,  and 
the  destruction  of  the  arch  completed  from  it,  by  hand. 

The  following  prices  paid  for  some  of  the  materials  on  the 
works  described,  may  be  of  interest :  — 
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£    .<*.     d. 

General  excavation 0     16  per  cube  yd. 

Excavation  in  trenches     0     3     0  „ 

Lime  concrete     0  13     0  „ 

Cement  concrete 0  17     0 

Common  brickwork 10     0  „ 

Blue  brickwork 1  18     0 

Extra  for  brickwork  in  cement        . .  0     6     0 

Creosoted  memel         036  per  cube  ft. 

English  oak         ••       ..  0     7     0 

Steelwork 18     0     0  per  ton. 

Timefuses 0     0     3  per  lin.  yd. 

Instantaneous  fuses  (subaqueous)   ...  0     0     4  „ 

Igniters         0     0     3  each. 

Tonite  cartridges       014  per  lb. 

Gelignite  cartridges 0     0     9       „ 

These  prices  are  not  quoted  from  any  special  schedule,  but 
are  an  average  of  several  contracts  on  which  the  author  was 
engaged,  and  are  typical  for  works  in  the  north  of  England. 

Altogether,  whenever  possible,  a  method  such  as  is  described 
above  would  appear  to  be  the  simplest,  readiest,  and  cheapest 
plan,  for  adopting  in  similar  circumstances ;  but  could  not  of 
course  be  applied  in  a  town  or  anywhere  where  an  explosion  was 
likely  to  cause  damage.  In  such  cases  the  arch  must  be  taken 
down  by  hand.  The  easiest  way  to  do  this,  if  the  distance 
between  the  limits  of  the  minimum  structure  gauge,  roughly 
14  feet  3  inches  above  rail  level,  and  the  soffit  of  the  arch  is 
sufficient,  is  to  erect  skeleton  centre  ribs  with  laggings  under  the 
arch.  When,  however,  the  headway  is  not  sufficient  to  allow 
for  these  skeleton  ribs,  a  method  such  as  was  adopted  some  years 
ago  during  the  opening  out  of  the  old  Lime  Street  tunnel  may 
be  found  useful.  For  tliis  work  a  timber  shield  was  used,  formed 
of  16-inch  by  |-inch  planks,  bolted  together  every  12  inches  with 
1-inch  bolt,  which  were  bent  and  wedged  up  under  the  arch  of 
the  tunnel  till  they  roughly  fitted  the  soffit,  as  shown  in  Fig.  8. 
Four  thicknesses  of  planking  being  used  when  the  arch  was 
of  brickwork  and  seven  thicknesses  when  the  arch  was  formed 
in  rock,  as  shown  in  detail  in  Figs.  9,  10  and  11.  Two  wrought- 
iron  cover  plates  were  used  to  each  rib  and  fastened  with  four 
J-inch  bolts  as  shown  in  Fig.  12  and  in  the  positions  marked 
A.A.  on  Fig.  8. 

In  a  sh(jrt  paper  like  this  the  author  is  unable  to  go  into 
minute  details,  which  of  course  vary  slightly  on  each  individual 
job. 

In  conclusion,  the  author  wouhl  like  to  thank  Mr.  P.  C. 
Stewart,  A.M.Inst.C.E.,  for  some  of  the  information  embodied 
in  this  paper. 
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DISCUSSION. 

The  President,  in  moving  a  vote  of  thanks  to  the  author, 
said  the  meeting  would  agree  that,  although  the  paper  was  short, 
it  was  very  interesting ;  he  believed  the  subject  had  not  been 
before  the  Society  upon  any  previous  occasion.  The  paper 
embodied  many  points  of  practical  interest.  There  had  recently 
been  a  rather  similar  case  at  the  Crystal  Palace.  The  old  low 
level  station  was  originally  covered  with  a  double  span  timber 
roof,  and,  it  was  decided  that  it  ought  to  be  taken  down.  The 
two  inner  ends  of  the  trusses  rested  upon  a  central  support 
runninir  down  the  station,  which  consisted  of  a  series  of  arches. 
In  fact,  the  roof  was  on  a  viaduct  or  series  of  semi -circular 
arches  forming  part  of  the  station. 

After  the  roof  was  removed,  the  problem  was  to  get  this 
viaduct  down.  It  was  not  destroyed  in  the  manner  described 
in  the  paper,  but  it  was  taken  down  by  hand,  which  was  a  more 
diflftcult  problem  than  was  anticipated ;  because,  after  removing 
the  upper  portion  and  pulling  out  the  spandrels,  it  was  found 
necessary  to  bring  a  crane  into  operation  and  pull  the  arches 
down  by  main  force.  After  considerable  trouble,  they  fell  down 
much  in  the  way  the  author  had  described ;  and  masses  of 
brickwork  lay  on  the  ground,  and  had  to  be  broken  up  with 
great  trouble  in  order  that  they  might  be  removed.  In  former 
days,  brickwork  was  evidently  more  substantial  than  was  sup- 
posed when  its  destruction  had  to  take  place. 

Not  very  long  ago,  it  was  his  fortune  to  see  a  fine  chimney 
destroyed  much  as  was  described  in  the  paper.  The  explosive 
in  that  case  was  cheddite,  and  the  shots  were  fired  by  electricity, 
and  not  by  means  of  fuses.  He  did  not  quite  understand  why, 
in  the  present  case,  electricity  was  not  adopted,  because  this 
would  have  made  it  quite  certain  that  every  charge  would  go  off 
at  the  time  that  was  necessary.  The  result  in  the  case  of 
which  he  was  speaking  was  very  satisfactory.  The  chimney 
stack  was  undermined  on  three  sides,  and  the  two  corner  pillars 
of  brickwork  were  left,  so  that  it  would  fall  sideways  ;  and,  when 
the  charges  went  off',  the  chimney  paused  for  a  moment,  and 
then  lay  quietly  down  on  its  side  without  a  crack  appearing  till 
it  reached  tlie  ground. 

The  author  had  given  some  prices  which  were  always 
interesting,  but  he  had  not  told  them  what  it  actually  cost  to 
take  up  the  permanent  way  under  the  bridges  and  put  it  back 
again.  He  had  given  the  price  including  the  addition  of  the 
destruction  of  the  bridge.     Evidently,  the  question  was  a  moot 
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point,  some  engineers  preferring  to  cover  up  the  permanent  way, 
and  others  to  pull  it  up  and  put  it  back. 

He  would  like,  before  concluding,  to  call  attention  to  two  of 
the  sketches.  Xo.  1  was  the  arch  which  was  increased  in  thick- 
ness towards  the  springing.  He  would  like  the  author  to  tell 
them  whetlier  the  extra  ring  of  brickwork  was  put  on  in  the 
way  indicated  in  the  sketcli ;  that  is,  whether  there  were  simply 
more  headers  laid  along  the  top,  because  that  was  not  the  ideal 
way  of  thickening  an  arch.  The  author  had  drawn  attention  in 
Fig.  2  to  the  alteration  in  shape  of  the  slightly  surcliarged 
retaining  wall.  If  that  were  a  type  of  the  retaining  walls  on 
that  line,  it  was  a  wonder  that  any  of  them  were  standing.  He 
gathered  from  the  sketch  that  the  line  above  the  wall  was  on  a 
curve,  and  he  supposed  that  the  retaining  wall  also  was  curving 
inwards.  Perhaps  the  designer  took  an  extra  factor  of  safety 
from  that.  Possibly  also,  he  was  one  of  those  engineers  who 
were  satisfied  with  too  small  a  margin  of  safety,  which,  at  any 
rate  in  the  case  of  lar^^e  cantilever  brid'ii'es,  recent  events  had 
proved  to  be  inadvisable. 

The  Hon.  H.  W.  Holmes  a  Court  said  that  the  paper  was 
particularly  interesting  to  him,  for  he  was  in  charge  of  the 
works,  described  in  the  first  part  of  the  paper,  for  the  contractor. 
The  chief  interest  in  the  paper  was  the  comparison  between  the 
two  methods  of  obtaining  the  same  object — the  destruction  of 
bridges.  He  might,  perhaps,  be  allowed  to  hold  a  preference  in 
favour  of  the  method  that  the  author  had  first  described.  The 
most  striking  comparison  made  was  as  to  the  amounts  of  ex- 
plosives used — 94  lb.  in  one  case  against  9  oz.  in  the  other.  He 
should  like  to  know  where  the  author  got  the  information  as  to 
the  94  lb.  If  he  got  the  information  from  one  of  the  men  on 
the  works,  the  author  had  omitted  to  take  off  the  usual  50  per 
cent,  discount  from  what  he  had  been  told.  The  author  stated 
that  the  charges  in  the  crown  were  16  oz.,  and  those  in  the 
haunches  28  oz.  The  actual  crown  charges  were  about  6  to  8  oz., 
and  the  charges  in  tlie  haunches  from  12  to  16  oz.,  so  that  it 
was  necessary  to  divide  the  94  lb.,  roughly,  by  two.  Then,  one 
was  a  three-arch  bridge,  and  the  other  was  a  one-arch  bridge,  so 
that  they  might  again  divide  by  three.  Lastly,  the  bridge  on 
the  Eden  Valley  was  destroyed  by  one  charge  on  the  crown 
only,  and  with  nothing  on  the  haunches,  so  that  they  might 
again  divide  by  three.  Although  the  experiment  in  the  latter 
case  was  more  or  less  a  success  in  getting  the  arch  down, 
the  authors  of  it  were,  he  supposed,  duly  grateful  to  Providence 
for  their  good  luck,  and  he  thought  that  they  were  more  fortu- 
nate than  they  deserved  to  l)e.  For  instance,  the  author  in  his 
description  of  the  three-arch  bridge  at  Preston,  stated  that  the 
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crown  shots  merely  crippled  the  arch ;  that  is  to  say,  they  cut 
the  key  out,  which  was  what  they  were  intended  to  do,  and,  in 
most  cases,  that  was  what  happened  ;  and  it  was  not  until  the 
haunch  shots  were  exploded  that  the  main  arch  came  down. 
In  this  case,  judging  from  the  photographs,  the  greater  part  of 
the  arch  fell,  leaving  the  haunch  overhanging.  They  had  little 
less  than  five  clear  hours  for  the  work,  but  they  kept  the  train 
waiting  for  twenty  minutes  !  That  was  explained  entirely  by 
the  want  of  a  second  charge  behind  tlie  haunch.  It  was  pretty 
evident  that,  although  there  was  not  very  much  overhanging,  it 
must  have  taken  some  little  time  to  get  it  down,  and  during 
that  time  they  could  not  start  on  the  clearing  away  of  the  debris 
at  the  bottom.  If  they  had  had  a  second  row  of  shots  in  the 
haunch,  they  would  have  got  rid  of  all  that  delay,  and  they 
would  not  have  committed  the  heinous  crime  of  delaying  the 
traffic  for  twenty  minutes. 

On  the  Eden  Valley  line  they  used  gelignite.  He  could  not 
claim  much  experience  of  gelignite,  but  he  believed  he  was  right 
in  saying  it  was  not  so  pleasant  to  deal  with  as  tonite.  With 
tonite  they  could  do  anything.  They  could  smash  it  with  a 
hammer,  or  they  could  even  eat  it,  and,  in  fact,  it  was  a  very 
good  cure  for  tooth-ache.  He  believed  that  they  could  do  any- 
thing with  it,  if  they  did  not  detonate  it.  They  very  often  got 
an  unexploded  charge  left  in  the  debris,  and,  so  long  as  there 
was  no  detonator  in  the  charge  with  tonite,  they  would  be  pretty 
safe.  After  the  bridge  was  down,  if  they  carefully  traced  every 
line  of  fuses  in  the  ruins,  whether  burnt  or  not,  and  carefully 
withdrew  any  detonator  that  might  have  been  left  unexploded, 
there  would  not  be  any  danger.  With  gelignite  he  believed 
that  it  was  not  so,  and  if  they  were  going  to  stick  a  pick  into 
gelignite,  they  might  as  well  order  their  funerals  beforehand. 

The  other  bridge  described  by  the  author,  that  on  the  Docks 
branch  at  Preston,  which  was  a  failure,  was  very  interesting,  but 
it  would  have  been  more  so,  if  the  author  had  given  any  reason 
for  the  failure.  He  thought  that  he  (Mr.  a  Court)  could  supply 
a  reason,  even  if  it  were  not  the  right  one,  and  that  was  that  the 
bridge  was  overcharged.  He  had  had  a  somewhat  similar  ex- 
perience on  the  Oxheys  and  Broughton  widening,  with  the  first 
bridge  tliat  he  blew  down.  All  the  bridges  along  that  line  were 
very  rotten  indeed.  In  some  of  them  the  highest  point  was  on 
either  side  of  the  crown  instead  of  being  at  the  crown,  and  the 
most  rotten  of  all  was  the  first  that  he  started  on.  He  believed 
the  charges  were  rather  more  than  he  had  stated.  They  were, 
perhaps,  10  to  12  oz.  in  the  crown.  At  any  rate,  after  the  shot 
had  been  fired,  he  was  horrified  to  see  the  arch  still  standing,  and 
he  found  that  the  charges  had  simply  blown  out  like  a  cork  was 
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blown  out  of  a  l)ottle.  They  had  blown  the  bricks  out  beneath 
them,  and  where  every  charge  had  been  there  was  a  hole,  but 
the  arch  was  still  standing.  Fortunately,  it  was  not  a  serious 
matter,  because  the  arch  was  so  rotten  that,  by  a  few  good 
charges,  placed  on  the  haunches  and  covered  with  clay,  they 
finally  shook  the  thing  down.  The  lesson  that  they  drew  from 
that  case  was  to  reduce  the  charges  in  the  crown.  They  never 
after  that  put  more  than  6  or  8  oz.,  and  they  put  them  as  closely 
together  as  possible,  10  or  12  inches  apart.  Then,  when  they 
exploded,  tliey  could  hardly  fail  to  cut  the  key  out  of  the  crown. 
It  was  rather  important  to  see  that  one  haunch  shot  was  exploded 
before  the  other.  He  had  seen  a  bridge  where  the  haunch  shots 
exploded  at  the  same  time,  with  the  result  that  the  two  portions 
of  the  arch  simply  fell  forward  and  keyed  themselves  again,  and 
there  was  considerable  trouble  in  getting  the  arch  dow^i.  The 
description  of  the  blowing  down  of  the  Eeadiug  bridge  pointed 
out  a  great  mistake  that  he  was  responsible  for,  namely,  putting 
charges  in  the  pier  of  the  bridge.  It  was  the  greatest  possible 
mistake,  because  as  the  author  stated,  the  charges  simply  lifted 
the  upjier  half  of  the  pier  and  dropped  it  again  very  nearly 
vertically.  The  consequence  was  that  the  men  were  engaged 
until  long  after  dark  in  making  the  place  sufficiently  safe  to 
satisfy  tlie  engineer  in  charge,  and,  as  a  matter  of  fact,  the  charge 
did  not  in  the  least  help  in  pulling  down  the  bridge — it  only 
made  the  work  dangerous. 

The  Eldon  Street  bridge,  which  was  referred  to,  w^as  very 
interesting  as  showing  the  impunity  with  which  they  could  carry 
out  such  work,  e\'en  in  populous  districts.  Mr.  Scott  had  men- 
tioned a  mill  which,  he  said,  was  within  30  yards  of  the  bridge. 
According  to  his  (Mr.  a  Court's)  recollection,  the  corner  of  the 
mill  was  only  about  30  ft.  from  the  nearest  abutment  of  the 
bridge.  At  all  events,  it  was  very  close.  The  chief  danger  was 
not  so  much  the  danger  to  the  chimney,  for  the  foundations  of 
the  chimney  went  well  down  below  the  formation  of  tlie  railway, 
but  it  was  the  amount  of  glass  that  was  likely  to  be  broken,  and 
he  had  a  great  deal  of  difficulty  in  persuading  the  resident  engi- 
neer that  the  work  was  moderately  safe,  and  also  the  manager 
of  the  mill,  who  was  very  anxious  for  his  windows.  The 
manager's  opposition  was  withdrawn  when  he  (Mr.  a  Court) 
undertook  to  make  good  any  damage  that  might  be  done. 
Thirdly,  there  were  the  local  authorities  to  be  considered,  but  he 
merely  asked  the  police  to  keep  order  during  the  pulling  down 
of  the  bridge,  and  he  did  not  tell  them  too  much  about  how  he 
proposed  to  pull  the  bridge  down.  The  only  precaution  he  took 
was  to  board  up  the  large  plate  glass  windows  of  the  engine  room 
which  was  close  to  tlie  bridge.     The  other  windows  were  so 
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numerous  that  it  really  would  have  cost  more  to  board  them  up 
than  it  would  to  put  them  in  again  in  case  they  were  blown  out. 
After  the  bridge  was  taken  down,  the  manager  of  the  mill  told 
him  that  he  had  been  unable  to  find  a  broken  pane,  and  yet 
there  was  the  mark  of  a  flying  brick  on  the  boarding  of  the 
window  which  had  been  covered  up,  and  there  was  another 
mark  between  two  of  the  other  windows,  but  not  a  pane  of  glass 
was  broken.     He,  of  course,  took  the  usual  precaution  of  bush- 
ing the  arch  and  weighting  it  down,  and  so  on.     He  could  not 
claim  any  credit  fur  the  result,  but  he  could  claim  a  certain 
amount  of  good  luck.     They  had  a  claim  for  damages  in  con- 
nection with  the  destruction  of  this  bridge  from  an  old  lady  who 
complained  that  her  crockery  was  shaken  off  the  dresser.     This 
case  showed  the  awful  effects  of  high  explosives,  because  the 
house  where  the  accident  happened  was  upwards  of  a  mile  away 
from  the  bridge,  and  the  time  at  which  the  damage  was  done 
proved  to  be  an  hour  lefore  the  explosion  took  place !     Never- 
theless, bricks  sometimes  blew  a  long  way.     He  remembered 
that  on  one  occasion  three-quarters  of  a  brick  fell  between  him 
and  a  man  to  whom  he  was  talking,  and  almost  brushed  their 
shoulders.     It  fell  perpendicularly  quite  an  appreciable  time 
after  the  bridge  was  down.    As  a  matter  of  interest,  he  measured 
the  distance  afterwards,  and  found  that  the  place  where  the 
brick  fell  was  over  7^  chains  from  the  bridge.     To  what  height 
the  brick  must  have  been  thrown,  it  was  appalling  to  think. 
In  connection  with  the  time  occupied  in  blowing  down  a  bridge, 
he  had  not  any  record  of  work  on  the  Oxheys  and  Broughton 
widening ;  but  he  had  had  to  deal  with  a  bridge  on  the  Great 
Western  widening  at  Birmingham.     The  width  of  the  bridge 
was  14  feet  8  inches.     There  were  13  holes  on  the  crown  of  each 
arch,  13  inches  apart,  and  the  charge  in  each  hole  was  6  oz.  of 
tonite.     They  had  eleven  holes  on  each  haunch,  each  containing 
16  oz.  of  tonite.     He  came  to  the  conclusion  after  the  explosion 
that  they  might  have  carried  the  crown  shots  a  little  farther 
than  they  did.     They  put  them  down  to  the  top  of  the  second 
inner  ring,  and  they  might,  with  advantage,  have  gone  a  little 
farther,  and  possibly  they  might  have  used  a  less  charge  than 
6  oz.     The  charges  in  the  haunches  might  have  been  rather  less 
than  16  oz.     He  believed  that  12  oz.  would  have  been  quite 
sufficient.     They   had   possession   of  the   line   at   thirty-three 
minutes  past  three.     The  word  was  given  to  fire  at  five  minutes 
past  four.     The  first  road  was  clear  at  five  minutes  past  five ; 
that  was  in  one  hour.     The  second  road  was  clear  at  thirty -five 
minutes  past  five,  which  was  an  hour  and  a  half.     He  thought 
that  that  was  almost  ''  a  record."     The  bridge  was  a  very  big 
three-arch  bridge  in  a  deep  cutting,  and  he  was  not  allowed  to 
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remove  any  of  the  solid  spandrels  or  the  spandrel  wall  below  the 
crown  of  the  arch,  so  there  was  a  lot  of  debris  to  be  removed. 

Mr.  G.  A.  Goodwin  said  that,  he  being  a  mechanical 
engineer,  the  subject  was  somewhat  out  of  his  line  of  practice, 
but  he  should  like  to  ask  one  or  two  questions  which  might  be 
useful  to  those  ens^ineers  who  micjht  be  called  to  do  such  work 
as  described  without  having  had  the  experience  the  author  had 
had.  Could  the  author  give  them  the  cost  of  removing  by  hand 
a  similar  bridge  to  that  which  he  had  described,  so  that  engineers 
might  be  able  to  form  a  comparison  between  removing  by  hand 
and  removing  by  explosives  ?  It  was  not  quite  clear  to  him 
whether  the  slow  fuses  were  ignited  by  electricity.  The  author 
stated  that  the  instantaneous  fuses  could  not  be  of  precisely  the 
same  lenf^th,  but  he  thouojht  that  the  author  liad  made  a  little 
slip  in  that  statement,  as  they  could  always  make  the  fuses  of 
the  same  length,  if  they  simply  coiled  the  fuses  like  a  spiral 
spring.  If  that  were  done,  they  could  make  them  of  any 
required  length. 

With  regard  to  the  windows  blowing  out,  he  should  like  to 
ask  whether  there  was  any  precaution  taken  in  the  way  of 
opening  of  the  windows,  for  he  had  always  understood  that 
windows  broken  by  an  explosion  were  broken,  not  by  the  wave 
of  compressed  air,  laut  by  the  vacuum  that  was  formed  afterwards 
in  the  air  outside.  It  was  always  found  after  an  explosion  that 
the  windows  had  broken  outwards.  He  remembered  the  dyna- 
mite explosion  at  the  Board  of  Trade!  In  that  case,  the  frames 
were  blown  outwards  towards  the  explosion,  instead  of  inwards. 
It  would  be  interesting  to  know  whether,  in  the  case  mentioned 
in  the  paper,  tlie  windows  were  left  open,  and  whether  that  was 
the  reason  that  the  panes  were  not  broken. 

Mr.  C.  H.  Shenton  said  that  with  regard  to  the  chimney 
which  was  mentioned  on  page  65,  a  little  more  information 
would  be  very  interesting.  It  seemed  curious  that  it  should  be 
thought  safe  to  destroy  a  bridge  by  means  of  explosives  within 
30  yards  (or,  as  one  of  the  former  speakers  had  said,  within 
30  feet)  of  a  chimney  100  feet  high.  Sm*ely  there  must  have 
been  considerable  risk  of  shaking  the  chimney,  and  perhaps  of 
bringing  it  down.  \Ycs  it  really  ordinary  practice  to  carry  out 
blasting  operations  so  near  to  a  chimney  shaft  ? 

The  question  of  electrical  firing  the  charges  had  already  been 
raised  in  the  discussion,  and  he  supposed  that  there  was  some 
particular  reason  why  the  firing  of  the  charges  was  not  ettected 
by  electrical  means  rather  than  the  old-fashioned  method.  He 
should  have  thought  tliat  there  was  much  more  certainty  of  get- 
ting the  explosion,  exactly  at  the  time  it  was  wanted,  with  elec- 
trical firing. 
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With  regard  to  the  prices  mentioned  in  the  paper,  he  thought 
that  they  were  rather  curious.  Surely  3^.  a  yard  for  excavation 
was  a  very  high  price  in  ordinary  shallow  trenches.  The  paper 
did  not  say  what  depth  the  trenches  were,  or  what  was  the  nature 
of  the  ground.  The  matter  wanted  a  little  more  explanation. 
With  regard  to  common  brickwork,  11.  a  cubic  yard  sounded  very 
low.  He  supposed  that  bricks  must  be  very  cheap  in  the  dis- 
trict, but  he  had  never  known  brickwork  as  cheap  as  that.  For 
cement  concrete,  17s.  a  yard  was  given,  and  he  supposed  that 
that  was  an  average  price,  but  one  would  expect  that,  in  large 
masses,  it  would  be  cheaper. 

Mr.  Maurice  Wilson  asked  for  some  information  which  he 
could  not  quite  gather  from  the  interesting  photographs.  On 
Plate  II.,  on  the  right  hand  side,  he  saw  a  structure,  and  he  was 
not  quite  sure  whether  it  was  meant  for  part  of  the  mill  referred 
to  in  the  paper,  or  whether  it  was  a  wooden  structure  in  connection 
with  the  works.  Plates  II.  and  III.  appeared  to  be  photographs 
both  taken  from  the  same  spot,  and  the  author,  who  was  appar- 
ently present  on  the  crown  of  the  arch  at  the  time,  would  know 
what  the  structure  was,  and  could  explain  it. 

With  regard  to  the  use  of  explosives,  he  could  not  say  that 
he  had  had  much  to  do  with  them  for  destructive  purposes,  but 
a  good  many  years  ago  he  was  engaged  on  the  Manchester  Ship 
Canal  with  the  contractor,  where  a  good  deal  of  tonite  was  used 
for  the  purpose  of  removing  or  loosening  rocks,  so  that  the  steam 
navvies  could  operate.  Tonite  was  employed,  not  because  it  was 
particularly  good,  but  because  it  was  not  dynamite.  He  remem- 
bered dining  one  night  with  the  contractor,  the  late  Mr.  T.  A. 
Walker,  and  after  dinner  when  the  ladies  had  retired,  one  of  the 
Cheshire  magistrates  and  other  local  magnates  said  to  Mr.  Walker, 
"  We  hear  you  have  tons  and  tons  of  dynamite  stored  up  along 
the  works.  Is  that  true?"  And  Mr.  Walker  replied,  "it  is 
not  true  :  it  is  tonite";  and  the  gentlemen  who  made  the  inquiry 
were  perfectly  satisfied.  As  long  as  the  explosive  was  not  called 
"dynamite,"  nobody  minded  at  all.  The  rock  in  question,  a 
shaly  sort  of  formation,  was  loosened  by  means  of  tonite. 
Gangs  of  men  were  employed  in  "jumping"  holes  at  intervals 
in  the  rock.  They  used  long  steel  rods  for  the  purpose,  and  they 
jumped  holes  to  a  depth  of  about  15  feet,  and  then  the  holes 
were  enlarged  by  lowering  tonite  cartridges,  about  the  size  of 
one's  finger,  with  a  time  fuse  down  into  the  hole,  and  setting  them 
off.  By  these  means,  the  holes  were  enlarged  at  the  bottom, 
and  then  the  next  process  was  that  a  man  brought  a  canister 
containing  a  certain  amount  of  blasting  powder  and  poured  about 
a  handful  of  the  powder  down  the  hole,  with  the  idea  of  finding 
out  whether  any  sparks  had  been  left  by  the  tonite  cartridge. 
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It  was  thought  that,  if  there  was  a  spark  left,  it  would  set  off 
the  powder  and  that  a  puff  of  smoke  would  come  up,  and  that 
then  all  would  be  ri<?ht.  He  would  then  lower  two  tonite  car- 
tridges  with  time  fuses  down  into  the  hole,  and  pour  out  of  the 
canister  about  i  cwt.  of  the  blasting  powder  into  the  recess,  ram- 
ming the  charge  down  with  a  wooden  hammer,  and,  at  the  same 
time,  his  mate  would  go  and  fetch  another  canister  which  was 
some  distance  away,  and  pour  that  down,  and  this  also  would  be 
rammed  down.  Then  they  would  set  fire  to  the  fuse,  and  shout 
"  Fire,"  and  everybody  would  disappear.  The  charge  would  go 
off  in  the  space  of  three  or  four  minutes ;  Init  it  always  occurred 
to  him  that  the  whole  proceeding  was  a  little  primitive  and 
rash.  It  did  not  seem  to  follow  that  the  pouring  of  a  handful 
of  powder  into  the  hole  would  necessarily  get  rid  of  any  sparks. 
There  might  be  some  sparks  at  the  top  of  the  hole.  Four  or  five 
months  after  he  (Mr.  AVilson)  got  there,  a  navvy  discovered  some 
sparks.  He  had  poured  down  about  J  cwt.  of  powder,  and  began 
to  ram  it  down,  and  his  mate  went  to  fetch  another  canister, 
when  the  half  charge  went  off.  A  spark  had  been  found.  The 
immediate  effect  was  that  the  wooden  rammer,  an  instrument 
some  15  or  16  feet  in  length,  was  blown  away,  and  it  was  after- 
wards found  embedded  in  the  mud  of  the  Eiver  Mersey,  a  quarter 
of  a  mile  away,  and  the  ganger  himself  was  very  seriously 
damaged  ;  in  fact,  he  was  blinded  for  some  months. 

Mr.  H.  Conradi  said  that  his  experience  was  in  the  direc- 
tion of  building  Ijridges  rather  than  of  destroying  them.  He 
would  like  to  ask  whether,  instead  of  destroying  the  arches  in 
the  way  that  was  shown  in  the  photograph,  involving  the  gTcat 
danger  of  the  material  falling  and  coming  into  contact  with  the 
trains,  and  also  of  destroying  parts  of  the  line  through  heavy 
weights  falling  upon  it,  it  would  not  have  been  possible  to  lay 
very  strong  gu-ders  from  the  springing  of  the  arch  on  one  side 
to  the  springing  of  the  arch  on  the  other  side,  and  thus  form  a 
very  strong  platform  over  the  line,  so  that  nothing  could  drop 
on  the  permanent  way,  while  a  sufficient  headway  was  left  for 
the  locomotives  to  pass.  They  niigh.t  then  start  from  the 
parapet,  take  the  same  do\vn,  and  gradually  take  down  each 
part  of  the  arch.  He  did  not  think  thut  the  expense  of  proceed- 
ing in  this  way  would  be  much  greater  than  the  expense  of 
blasting,  and  allowing  the  demolished  blocks  to  drop  down  upon 
the  permanent  way,  and  having  to  stop  the  traffic. 

Mr.  R.  W.  A.  Brewer  asked  whetlier  the  author  had  had 
any  experience  of  firing  shots  down  deep  bore  holes.  This  was 
a  subject  which  had  interested  liim  (Mr.  Brew^er)  very  much 
lately.  The  other  day  a  case  came  to  him,  and  he  decided  that 
it  would  be   advisable  to  fire   a   shot   down   a  bore  hole  about 
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400  feet  deep,  but  there  was  great  difficulty  in  getting  the 
sanction  to  do  it,  because  people  were  very  nervous  about  the 
firing  of  a  shot  anywhere.  As  he  knew  that  the  hole  was 
400  feet  deep,  he  did  not,  from  his  own  point  of  view,  see  that 
there  would  be  any  risk  to  any  external  property  from  firing  a 
shot  at  that  depth.  If  any  gentleman  present  had  done  any 
work  of  this  kind,  and  could  give  information  on  the  subject,  it 
would  be  very  interesting,  because  cases  of  the  kind  occurred 
from  time  to  time.  The  other  day  he  spoke  to  a  man  who  had 
fired  some  shots  down  a  bore  hole  in  Ireland,  and  what  took 
place  was  this :  he  first  fired  a  20-lb.  shot  of  bellite  at  a  depth 
of  about  400  feet,  and  this  shot  of  20  lb.  shattered  the  rock  and 
filled  the  hole  up  to  a  depth  of  100  feet  from  the  original  bottom, 
so  that  the  shattered  rock  was  300  feet  from  the  surface,  but  the 
result  aimed  at  was  not  attained.  Therefore,  another  cartridge 
was  let  down  to  a  depth  of  300  feet  and  fired,  also  without 
result.  As  the  explosion  did  not  seem  to  dislodge  anything, 
two  404b.  cartrido^es  were  lowered.  The  hole  was  bored  at  the 
bottom  of  a  sunk  well,  50  feet  deep,  and  tubes  had  been  put 
into  the  well,  so  that  anything  which  happened  down  the  bore 
hole  should  not  interfere  with  the  well  water,  as  this  had  to  be 
kept  in  order.  When  the  two  40-lb.  cartridges  were  fired,  they 
filled  up  the  sunk  hole,  and  the  bore  hole  was  lost.  The  explo- 
sion removed  some  rock,  but  he  did  not  think  that  it  did  any 
damage  to  adjacent  property. 

In  replying  to  the  questions  which  had  been  asked,  Mr.  Scott 
said  he  would  answer  the  President  first.  The  reasons  why  the 
charges  were  not  exploded  by  electricity  were  two-fold,  first, 
it  would  have  been  more  expensive,  and  secondly,  the  connections 
would  be  very  hard  to  make ;  the  explosion  of  the  crown  shots 
in  all  probability  breaking  the  connections  of  the  haunch  shots. 
With  regard  to  the  cost  of  taking  out  the  permanent  way,  and 
relaying,  it  was  not  very  much.  A  total  length  of  about 
60  yards  was  removed,  and,  allowing  Is.  per  yard  for  taking  out, 
and  Is.  (Sd.  per  yard  for  relaying,  the  cost  would  be  about  7/.  10s. 
Had  there  been  any  junctions  removed,  as  was  the  case  on  the 
Eden  valley  work,  the  cost  would  have  been :  taking  out 
60  yards  of  plain  road  at  Is.  per  yard,  taking  out  60  yards  of 
junction  at  Is.  ^d.  per  yard,  relaying  60  yards  plain  road  at 
Is.  6(i.,  and  relaying  60  yards  of  junction  at  2s.  ^d.  per  yard — 
total  19/.  10s.  It  will  thus  be  seen  that  "junction  "  work  adds 
heavily  to  the  expenses.  It  must  also  hQ  remembered  that 
these  prices  are  for  labour  only  and  do  not  include  any  new 
materials.  Perhaps  a  few  prices  for  materials  may  be  of 
interest : — 
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£  .«.  (/. 

Steel  rails  (90  lb.  per  yard) .">  7     (!  per  ton. 

„     fisliplates  (HO  Ib.pcr  pair) 0  (»     »» 

Ca>t-iron  chairs  (4.")  lb.  eacli )       ;{  5     0 

Skepcrs  (*.>  feet  by  10  inches  by  5  inches)  0  4  10  each. 

Points  (complete) 10  10  0  jjcr  set. 

V-crossings  (complete) IMO  0       ,. 

Diamond  crossing-s  (complete) 12  <)  0       ., 

Granite  ballast       0  4  0  per  cubic  yard. 

When  using  the  word  "  masonry  "  he  was  referring  to  stone- 
work only.  Fig.  1  was  quite  correct,  and  was  a  copy  of  a  sketch 
made  at  the  time  the  work  was  in  progress.  It  must  be  re- 
membered that  this  bridge  was  built  over  fifty  years  ago,  when 
engineers  were  not  so  careful  as  they  are  now,  and  the  bridges 
did  not  carry  such  heavy  loads.  In  regard  to  sketch  2,  he  (the 
author)  had  given  the  worst  part  of  the  wall,  which  was  raking 
down  from  its  full  height  to  a  fence  wall  only  4  feet  6  inches 
high.  The  cause  of  the  wall  coming  over,  as  it  had  done,  was 
the  extra  weight  of  the  locomotives,  and  the  increased  speed. 
At  this  part  of  the  line  most  of  the  locomotives  used  are  of  the 
4* 6*0  simple  type,  weighing,  with  their  tender,  103  tons,  and 
travelling  at  from  70  to  80  miles  an  hour. 

With  regard  to  Mr.  a  Court's  questions,  he  (the  author)  quite 
agreed  that  tonite  was  much  safer  to  use  than  gelignite.  Some 
of  the  gentlemen  present  may  have  seen  an  account  of  a  recent 
accident  on  the  Dearne  Valley  Railway.  A  gelignite  cartridge 
fell  amongst  the  debris  unexploded,  one  of  the  navvies  happened 
to  strike  it  with  a  pick,  and  he  with  two  of  his  mates  were 
killed  by  the  following  explosion.  Had  tonite  been  used  this 
would  probably  not  have  occurred.  The  weights  of  the  charges 
\ised  were  obtained  from  some  notes  made  at  the  time,  and 
corroborated  a  few  weeks  ago,  by  one  of  the  assistant  engineers, 
who  was  also  on  the  works  at  the  time.  If  ^Ir.  a  Court  thinks 
the  charges  are  excessive,  he  (the  author)  would  like  to  call  his 
attention  to  a  very  similar  bridge  at  Melton.  In  that  case 
138  lb.  of  tonite  were  used,  the  charges  being  made  up  as 
follows : — 

174  No.  1^  inch    4  oz.  tonite  cartridges. 
94  „  .,  G  .. 

80  „  ,.12  „         „ 

The  reason  for  the  failure  in  blowing  down  the  arch  over  the 
Ribble  branch  was  that  the  holes  were  overcharged,  and  the 
result  was  that  the  explosives  simply  made  holes  in  the  arch, 
and  blew  the  stone-facing  vousoirs  off. 

As  to  the  distance  of  the  chimney  at  Eldon  Street  mill  from 
the  bridge  he  had  never  actually  measured  the  distance,  but, 
unless  his  memory  was  at  fault,  tlie  near  corner  of  the  mill  was 
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about  30  feet  from  the  bridge,  but  the  chimney  was  at  the 
further  corner  of  the  mill,  and  quite  30  yards  away.  With 
regard  to  the  time  taken  to  bring  down  the  bridge  at  Birming- 
ham, and  clear  away  the  debris,  he  would  like  to  say,  that, 
although  very  quick,  it  was  not  quite  a  record ;  two  hours  (3.33 
to  5.35  p.m.)  being  required  for  the  work,  whereas  a  similar 
bridge,  near  Sonning,  also  on  the  G.W.K.,  had  been  removed  in 
If  hour  (12.0  noon  to  1.45  p.m.). 

In  answer  to  Mr.  Goodwin's  first  question,  the  cost  of 
removing  the  arch  by  hand  would  have  been  considerably 
more.  Taking  the  200/.  as  our  basis,  we  should  have  to  deduct 
24/.  for  the  cost  of  the  explosives,  jumping  holes,  clearing  away 
debris,  etc.;  which  would  leave  176/.  for  pulling  down  the 
parapets,  spandrels,  abutments,  etc.  To  this  must  be  added 
the  cost  of  removing  the  arch,  erecting  and  removing  centreing, 
^flagmen's  time,  etc.,  which  amount  would  be  about  98/. ;  giving 
a  total  of  274/.,  or  74/.  in  excess  of  the  method  described  in  the 
paper.  All  windows  near  the  bridge  should  be  left  open,  both 
top  and  bottom  sashes. 

With  regard  to  Mr.  Shenton's  remarks  as  to  the  safety  of 
blasting  within  30  yards  of  a  chimney  shaft,  of  course,  a  lot 
depended  on  the  condition  of  the  chimney,  and  the  foundation 
on  which  it  stood ;  but,  granted  that  the  stack  was  in  good 
repair,  and  stood  on  a  solid  foundation,  he  thought  the  blasting 
operations  could  safely  be  carried  out.  He  might,  however, 
mention  that  during  the  destruction  of  a  bridge  at  Goring,  near 
Oxford,  the  roof  of  a  cottage  50  yards  away  had  been  damaged 
by  falling  brickwork.  With  regard  to  the  prices,  he  would  ask 
Mr.  Shenton  to  notice  that  these  prices  are  averages  of  a  number 
of  contracts.  He  had  once  paid  3s.  per  yard  for  excavation,  and 
in  that  case  the  price  included  timbering,  to  a  depth  of  about 
15  feet,  and  the  "  muck  "  was  wet  sand,  necessitating  a  lot  of 
pumping.  Brickwork  at  20s.  per  yard  was  a  very  fair  price  for 
the  north,  and  he  had  got  it  done  as  low  as  19s.  per  yard. 

The  building  shown  on  Plate  II.,  mentioned  by  Mr.  Maurice 
Wilson,  was  an  old  signal  cabin,  which  was  removed  some  200 
yards  southwards,  before  the  bridge  was  destroyed.  Mr.  Wilson's 
description  of  the  blasting  on  the  Manchester  Ship  Canal  cer- 
tainly seemed  a  little  primitive,  but  this  work  was  probably 
done  before  such  things  as  the  Employers'  Liability  Act  came 
into  force. 

In  regard  to  Mr.  Conradi's  question,  he  was  not  quite  clear 
what  Mr.  Conrad i  meant.  If  he  erected  a  girder  platform  at 
springing  level,  he  would,  in  most  cases,  block  the  lines  for 
.some  days,  as  there  was  not  sufficient  headway.  P^ven  if  there 
were,  he  would  also  have  to  erect  centreing,  or  else  as  soon  as  he 
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cut  the  arch,  it  and  his  workmen  would  fall  together  on  to  the 
platform.  He  would  also  have  to  be  careful  as  to  his  side 
clearance  ;  the  vertical  supports  to  the  platform  must  be  at  least 
4  feet  6  inches  from  the  nearest  rail.  In  any  case  the  cost,  as 
already  shown,  would  be  greater  than  the  method  described  in 
the  paper. 

With  regard  to  Mr.  Brewer's  question,  he  was  very  sorry  he 
could  give  no  information,  as  he  had  had  no  experience  in  deep 
bore  holes. 

In  conclusion  he  would  like  to  thank  the  gentlemen  who 
were  present  for  the  kind  manner  in  which  they  had  listened  to 
his  paper.  He  would  also  like  to  thank  Mr.  J.  C.  Farmer  for 
the  use  of  some  of  the  photographs  shown  during  the  evening. 
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May  4,  1908. 

JOSEPH  WILLIAM  WILSON,  President, 
IX  THE  Chair.' 

THE  DESIGN,  AND  THE  WASTE  AND  WEAR 
OF  WHEEL  TEETH. 

By  Prof.  Egbert  H.  Smith,  A.M.LC.E.,  M.I.M.E.,  M.LE.E. 

Throughout  the  paper  the  following  meanings  are  attached  to 
letter-symbols : — 

When  two  wheels  in  gear  with  each  other  are  considered 
simultaneously,  X  means  the  number  of  teeth  in  the  wheel 
whose  tooth-face  is  in  contact  at  the  instant  considered,  and  n 
the  number  of  teeth  in  the  other  wheel  whose  tooth-flank  is  in 
contact. 

P  =  peripheral  pitch. 

The  suffix  o  particularises  quantities  close  to  the  pitch-point 
or  at  the  shoulder  of  the  tooth. 

T  =  distance  of  touching-point  from  pitch-point. 

i  =  angle  between  r  and  a  normal  to  the  line  joining  the 
centres  of  the  wheels. 

2*0  =  value  of  i  close  to  pitch-point. 

E  =  radius  of  curvature  of  the  outline  of  the  face  of  a  tooth. 

r  =  ditto  of  the  flank  of  a  tooth. 

Eo  and  Vo  =  values  of  E  and  r  at  the  shoulder. 

D  =  normal  distance  of  centre  of  curvature  of  the  outline  of 
the  face  from  the  line  drawn  through  the  pitch-point  at  right 
angles  to  the  line  of  centres. 

d  =  ditto  of  centre  of  curvature  of  outline  of  the  flank. 

Do  and  do  =  values  of  D  and  d  for  Eo  and  To  at  the  shoulder. 

/  =  coefficient  of  friction  between  touching  face  and  flank. 

7  =  relative  angular  velocity  between  two  wheels  in  gear 
=  sum  of  their  angular  velocities  relative  to  the  frame. 

The  object  of  the  present  paper  is  to  explain  a  new  shape  for 
the  teeth  of  spur,  bevel,  and  helical-tootlied  wheels,  whereby  the 
loss  of  power  by  friction  and  the  abrasive  wear  of  the  faces  and 
flanks   of  the  teeth  in  the  transmission  of  power  by  toothed 
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gear  are  diminished  to  the  lowest  possible  limits  consistently 
with  the  maintenance  of  uniform  velocity-ratio  and  of  inter- 
changeability  between  all  wheels  of  the  same  set  developed 
from  the  same  base,  and  whereby  greater  average  strength  of 
teeth  is  also  secured. 

With  the  great  extension  in  recent  years  of  the  use  of  high- 
speed gearing,  the  good  and  bad  running  qualities  of  toothed 
wheels  have  become  of  even  greater  importance  than  in  the  days 
when  mill-gearing  was  their  chief  and  almost  only  application. 
In  the  ordinary  treatises,  as  also  in  common  practice,  the  only  two 
considerations^  on  which  is  based  the  design  of  wheel-teeth,  are 
strength  and  strict  uniformity  of  velocity-ratio.  In  1852 
Edward  Sang  published  a  book,  ''  The  Teeth  of  Wheels,"  which 
is  still  the  only  scientific  investigation  of  the  numerous  desirable 
qualities  that  may  be  possessed  by  such  teeth.  Mr.  Sang  was  a 
practical  mechanic  and  a  skilled  mathematician,  but  his  methods 
of  investigation  were  so  laborious,  and  his  style  of  exposition  so 
pedantic,  that  his  work  remains  to  this  day  practically  unknown. 

The  general  line  followed  by  his  theory  was  as  follows  : — 

The  normal  to  the  touching  surfaces  of  two  wheel-teeth  in 
gear  with  each  other  intersects  the  line  of  centres  in  what  is 
called  the  "  pitch-point,"  and  this  point  divides  the  distance 
between  the  centres  in  the  inverse  ratio  of  the  angular  velocities 
of  the  wheels,  provided  these  keep  in  close  contact.  The  pitch- 
point  must  therefore  be  kept  constant  if  the  velocity-ratio  is  to 
remain  constant. 

Under  this  condition  of  constant  velocity-ratio,  for  a  given 
shape  of  tooth  on  one  wheel,  this  shape  and  the  fixed  pitch - 
point  completely  specify  the  "  path  of  contact,"  that  is,  the 
curve  along  which  contact  between  two  gearing  wheels  travels 
as  the  wheels  revolve.  Conversely,  the  pitch-point  and  the  path 
of  contact  together  determine  the  shape  of  the  tooth  for  any 
wheel  with  given  centre.  If  the  same  contact-path  be  used  for 
the  designs  of  a  set  of  wheels  of  various  sizes,  then  any  two  of 
these  will  gear  with  each  other  so  as  to  maintain  constantly  the 
same  velocity-ratio.  Edward  Sang  investigated  the  effects  of 
differently  shaped  contact -paths  in  giving  the  wheels  designed 
from  them  various  degrees  of  the  following  eight  good  and  bad 
qualities  :  (1)  Maximum  and  minimum  obliquity  of  driving 
thrust ;  (2)  number  of  effective  driving  contacts  simultaneously 
in  action;  (3)  smallest  number  of  teeth  of  pinion  giving 
practicable  shape  ;  (4)  undercutting  of  the  flank  in  small 
pinions ;  (5)  sharpness  of  curvature  in  tooth  outline  near  the 
pitch-circle ;  (G)  work  spent  in  frictional  sliding ;  (7)  abrasion 
of  contact  surfaces ;  and  (8)  liability  to  wear  out  of  true  shape. 

He  investigated  the  properties  of  five  kinds  of  contact-path ; 
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amoncr  them  the  strais^ht  line  giviiif^  the  well-known  "  involute  " 
teeth,  and  the  circular-arc-path,  giving  the  other  common  form 
"  epicycloidal  "  teeth.  The  contact-path  chosen  by  him  as  best 
he  called  the  "  modified  hour-glass,"  which  is  a  mixture  of  two 
curves,  which  he  calls  the  "  hour-glass "  and  the  "  kemend." 
This  admits  of  pinions  of  a  minimum  number  of  14  teeth  with 
two  effective  driving  contacts  continuously  in  action,  without 
undercutting,  and  without  sharp  curvature  at  the  pitch-line. 
Cycloidal  teeth  admit  of  11 -toothed  pinions,  but  they  are  under- 
cut and  have  sharp  pitch-line  curvature.  It  is  mechanically 
impossible  to  cut  cycloidal  teeth  to  exactly  true  form.  Involute 
teeth  have  many  good  qualities,  that  which  makes  them  popular 
in  many  shops  being  their  property  of  still  gearing  correctly  when 
the  centre-distance  between  a  pair  is  inexact ;  but  they  labour 
under  the  disadvantage  of  excessive  obliquity  of  driving  thrust. 

Modern  experience  has  led  to  item  (2)  being  considered  of 
little  or  no  importance.  To  ensure  two  contacts  being  con- 
tinuously maintained,  it  is  obviously  necessary  to  use  long  teeth, 
and  the  breaking  strength  of  a  tooth  measured  by  the  thrust  is,  for 
a  given  thickness,  inversely  as  its  length.  The  idea  that  the 
total  driving  thrust  is  nearly  equally  divided  between  the  two 
pairs  of  teeth  in  contact,  is  delusive,  and  it  is  fatally  unsafe  to 
design  the  strength  of  the  tooth  on  the  supposition  that  it  is  so 
divided.  Thus  the  use  of  long  teeth  leads  to  more  frequent 
breakages,  and  the  ver\"  worst  results  of  the  two-contact  design 
is  that  a  wheel  may  still  be  run  after  a  tooth  has  been  broken. 
This  proves,  of  com'se,  that  the  dimensions  have  really  been 
designed  of  sufficient  strength  for  single  contact.  But,  as  for 
single  contact  they  might  have  been  made  shorter,  and  so 
stronger,  it  is  clear  that  the  design  is  futile  and  uneconomic. 

It  is  also  to  be  noted  that  if  the  design  results  geometrically 
in  double-contaot  during  say  three-quarters  of  the  passage,  and 
single-contact  only  during  the  remaining  one-quarter,  then  the 
tooth  must  be  made  strong  enough  for  single-contact,  and  the 
double-contact  during  a  portion  of  the  time  is  useless,  so  far  as 
strength  is  concerned,  even  with  dead  accurate  shaping  and 
fitting.  It  might  possibly  have  some  advantage  in  respect  of 
abrasion  and  wear,  although  probably  none  in  respect  of  frictional 
waste  of  driving  power. 

Nevertheless,  each  following  pair  of  teeth  must  be  well  in 
gear  before  the  preceding  pair  has  parted  contact.  So  that  the 
geometrical  design,  in  respect  of  tooth-length,  must  provide  for 
what  may  be  termed  l:^-contact,  that  is  the  angular  length  of 
the  actual  path  of  contact  must  be  from  IJ  to  1 J  (jf  the  length 
needed  for  single  contact.  This  proportion  increases  with  the 
number  of  teeth  in  the  gearing  wheels.     If  it  be  made  1^  or 

G  2 
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1^  for  two  smallest-size  pinions  gearing  with  each  other — a 
combination  never  used  for  the  transmission  of  large  powers — it 
will  be  from  1*3  to  1 '  4  for  two  large  wheels  in  gear. 

During  approach  to  the  pitch-point  the  flank  of  the  driving 
tooth  bears  against  the  face  of  the  driven  tooth  ;  and  after  the 
pitch-point  is  passed  the  face  of  the  driving  tooth  bears  upon 
the  flank  of  the  driven  tooth.  The  contact,  therefore,  begins 
where  the  path  of  contact  cuts  the  circle  of  the  tips  of  the  teeth 
of  the  driven  wheel ;  and  it  ends  where  the  contact-path  cuts 
the  circle  of  the  tips  of  the  teeth  of  the  driving  wheel.  For 
obvious  reasons,  except  in  special  work,  the  two  parts  of  the 
contact-path  on  opposite  sides  of  the  pitch-point  are  the  exact 
reverse  of  each  other.  Thus,  if  the  driver  be  the  smaller  of  the 
two  wheels,  as  in  case  of  a  pinion  driving  a  wheel,  the  contact 
during  approach  to  the  pitch-point  extends  through  a  longer  arc 
and  a  longer  contact-path  than  does  the  contact  during  recess 
from  the  pitch-point. 

If  the  motion  be  reversed,  the  wheel  now  driving  the  pinion, 
the  same  contact-path  will  be  traced  out  backwards  ;  but  if,  with 
the  reversed  motion,  the  pinion  still  drives  the  wheel,  then  tlie 
contact-path  is  changed  to  another  similar  curve  of  reversed 
inclination  to  the  pitch-circle  tangent  at  pitch-point.  This  is 
because  the  bearing  between  the  teeth  is  now  upon  the  other 
sides  of  the  teeth.  If,  as  is  usual,  the  two  sides  of  the  teeth  are 
symmetrically  reverse,  then  the  forward  and  backward  branches 
of  the  contact-path  are  also  reversely  identical.  Unless  reverse- 
driving  is  sometimes  required,  there  is  no  good  reason  for  having 
the  back  and  front  of  the  tooth  reverse  identical  curves ;  but 
for  convenience  in  stocking  wheel-castings  and  patterns,  wheel- 
teeth  are  nearly  always  made  so — at  the  sacrifice  of  some 
strength  and  other  good  qualities. 

Teeth  so  short  as  |  of  the  pitch  above  the  pitch  circle  have 
long  been  in  successful  use  in  Lancashire.  When  the  wheels 
are  of  large  size,  this  gives  contact  on  each  side  of  the  pitch- 
point  through  about  ^  of  the  pitch,  but  the  face-contact  of  a 
pinion  lasts  barely  over  J  of  the  pitch,  which  appears  very  un- 
desirable. 

In  the  design  of  tooth  recommended  in  this  paper,  the  height 
is  made  ^  pitch  above  pitch-circle,  and  the  shape  of  contact-path 
adopted  yields,  with  this  height  of  tooth,  a  §  pitch-contact  on 
either  side  of  the  pitch  in  the  rack  and  very  large  wheels,  and 
0*56  pitch  on  the  face  of  a  pinion  of  12  teeth.  Two  small  pinions 
would  gear  with  each  other  through  2x0*56  =  l"12  of  the 
pitch  ;  while  a  small  pinion  would  gear  with  the  straight  rack  or 
any  very  large  wheel  through  0  •  56  -f-  0  •  67  =  1 '  23  of  the  pitch. 
The  length  of  the  face  contact  rises  towards  the  ultimate  §  very 
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rapidly  with  the  number  of  teeth,  so  that  with  only  30  teeth  it 
is  already  over  0  *  64  of  the  pitch. 

An  important  advantage  of  short  teeth  is  the  greater  accuracy 
of  form  attained  in  practical  manufacture.  Both  in  the  drawing 
office  and  in  the  machine  shop,  the  theoretically  correct  shape  is 
invariably  approximated  to  by  means  designed  to  lessen  labour. 
The  errors  due  to  such  approximations  increase  in  geometrical 
ratio  with  the  length  of  the  tooth. 

Another  important  advantage  is  an  increased  frictional  effi- 
ciency. It  will  be  shown  that  the  velocity  of  sliding  of  tooth 
upon  tooth  is  r  7 ,  where  r  is  the  instantaneous  distance  of  the 
touching  point  from  the  pitch-point,  and  7'  is  the  relative 
angular  velocity  between  the  wheels — that  is,  the  sum  of  their 
angular  velocities  relative  to  the  frame.  Here  7'  is  unaffected 
by  the  shape  of  the  contact-path,  and  r  is  zero  when  the 
tou(ihing  point  passes  the  pitch-point,  while  its  extreme  values 
at  beginning  and  at  end  of  contact  depend  almost  solely  upon 
the  general  inclination  of  the  contact-path,  the  length  of  the 
teeth  and  the  number  of  the  teeth.  In  Appendix  YI.  it  is 
demonstrated  that  the  ratio  of 

frictional  waste  work       -  ?i  -|-  N 
effective  driving  work  n  N 

where  /  is  the  coefficient  of  rubbing  friction,  and  n  and  N  are 
the  numbers  of  teeth  in  the  two  wheels  in  gear.  The  proportion 
depends  on  the  shape  of  the  path  of  contact,  the  numerical 
factor  being  1-06  for  the  design  developed  in  this  paper,  and 
about  1*8  with  involute  teeth.  In  order  to  make  this  factor  low, 
tlie  path  of  contact  should  at  its  passage  of  the  pitch-point 
make  only  a  small  ani^le  with  the  tangent  to  the  pitch-circles : 
this  in  order  to  avoid  much  obliquity  of  acting  thrust.  But  if 
this  angle  were  made  zero,  the  radius  of  curvature  of  the  tooth 
outline  close  to  pitch-point  must  be  zero  for  maintenance  of 
uniform  velocity-ratio.  (See  Appendices  II.  and  III.)  This  is 
true  whatever  shape  of  contact- path  be  adopted.  It  means  a 
theoretically  sharp  knife-edge  shoulder  to  the  tooth,  and  this  is 
not  only  impossible  of  manufacture,  but  would  also  produce 
extravagantly  rapid  wear.  The  choice  of  obliquity  of  contact- 
path  at  its  crossing  of  the  line  of  centres  is,  therefore,  a  matter 
of  compromise,  into  which  also  enters  the  consideration  of 
undercutting  in  the  teeth  of  small  pinions.  In  the  design  of 
this  paper  the  angle  4°  3 5  J',  whose  sine  =  '08,  is  chosen.  If 
the  thickness  of  the  tooth  of  a  12-teeth  pinion  were  made 
parallel  inside  the  pitch-circle,  the  sides  of  the  gap  between  the 

teetii  would  converge  at  an  angle  — -  =  30° ;    if,  on  the   other 


vergence  is  about  ^^p-  +  9°  lOf.     It  is  not  recommended  that 
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hand  the  flanks  were  made  radial,  the  gap  angle  would  be  about 
16°,  the  tooth  thickness  being  about  |  the  gap  width.  With 
the  above  angle  4°  35 J',  the  gap-flanks  converge  at  about  25°  in 
the  12-tooth  pinion,  and  in  the  straight  rack  at  pitch-line  the 
convergence  is  9°  10|'.  For  any  number  of  teeth  N  the  con- 
192^ 
N 

pinions  of  12  teeth  should  be  used  except  when  unavoidable. 
12  is  here  taken  as  the  minimum,  which  still  avoids  the 
development  of  actual  faultiness  ;  but  pinions  of  14  and  15 
teeth  have  materially  better  form  and  smoother  action,  greater 
strength,  and  better  frictional  efficiency.  With  a  coefficient  of 
friction  of  ^V  ^i^^l  a  gear  ratio  of  4,  the  above  formula  for  the 
frictional  inefficiency  gives : 

No.  of  teeth  in  pinion    =         12  13  14  15 

Frictional  inefficiency    =   0-00534  0*00492  0-00457  0*00426 

For  a  given  sum  of  teeth  in  the  two  gearing  wheels,  this 
inefficiency  reaches  its  minimum  when  the  wheels  are  equal. 

2  f 

Its  value  is  then  1  •  06  /  .  -  =  2-12  ^.    To  illustrate  its  varia- 


tion  with  the  gear  ratio,  take  n  ■\-^  =  120,  and/  =  ^^.      The 


1 
20' 


following  are  the  results  : 

— 

n  =       12 

18 

24 

36 

48 

60 

N=      108 

102 

96 

84 

72 

60 

Frictional  inefficiency 

=  0-00474  0-00335  0-00267  0*00203  0*00178  0*00171. 

For  any  given  gear  ratio,  this  inefficiency  is  inversely  pro- 
portional to  the  number  of  teeth  in  either  wheel 

The  effective  coefficient  of  friction  largely  depends  upon  the 
retention  of  the  lubricant  between  the  bearing  surfaces,  and  this 
again  is  greatly  influenced  by  the  closeness  or  openness  of  fit 
between  the  two.  During  approach  to  the  pitch-point  the  flank 
of  the  driver  presses  against  the  face  of  the  driven  tooth,  and 
during  recess  the  face  of  the  driver  bears  against  the  flank  of  the 
driven  tooth.  Thus  the  gear  is  always  between  a  face  and  a  flank. 
The  faces  are  necessarily  convex.  To  obtain  the  greatest  prac- 
ticable closeness  of  fit,  the  flanks  should  be  concave.  The  flanks 
become  more  and  more  concave  as  the  number  of  teeth  becomes 
greater,  and  therefore,  it  is  the  flank  of  the  smallest  pinion  that 
should  be  most  carefully  considered.  The  design  here  presented 
contents  itself  with  avoidance  of  convexity  in  the  flank  of  the 
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pinion  of  12  teeth,  which  it  makes  straight,  that  is,  neither 
convex  nor  concave. 

The  mathematical  measure  of  the  closeness  of  fit  between 
two  curved  surfaces  is  one-half  the  difference  of  the  curvatures, 

or  1  (-p  —     j  Avhere  E  and  r  are  the  radii  of  the  convex  and 

concave  surfaces  respectively.  This  equals  the  distance  apart 
of  the  two  surfaces  at  unit  distance  to  either  side  of  the 
mathematical  touching  point,  the  unit  of  length  being  chosen 
small.     The  clear  space  at  any  small  distance  from  the  touching 

pftint,  equals  -J  ( ^,  ""  ,)  n^^ltiplied  by  the  square  of  this  arc 

len^rtli. 

The  fit  is  least  close  when  the  two  shoulders  touch  as 
they  pass  the  pitch-point.  When  the  numbers  of  teeth  are  N" 
and  n,  the  design  described  in  this  paper  makes  the  shoulder 

closeness  of  fit  equal  to     -.  .    •    .^  4.  qw — _  qn  •     Thus  for  20 

and  80  teeth  with  2"  pitch,  the  clear  space  at  -^q"  to  either  side  of 
the  touching  point  is  0*00415"  when  the  flank  of  the  pinion 
touches  the  face  of  the  wheel  and  0-00521"  when  tlie  pinion  face 
touches  the  wheel  flank  close  to  the  shoulders. 

After  contact  has  passed  a  very  small  distance  from  the 
shoulder,  the  fit  becomes  very  much  closer  and  remains  constant. 
For  example,  when  the  face  of  the  20  pinion  touches  the  flank 
of  the  80  wheel,  the  clear  space  at  ^"  on  either  side  of  the 
touching  point  is  O'OOIG",  and  it  is  0-0027"  when  the  80  wlieel 
face  touches  the  flank  of  the  20  pinion. 

It  is  important  to  note  that  this  closeness  of  fit  is  inversely 
proportionate  to  the  pitch.  Large  pitch  is  therefore  desirable 
not  only  ou  account  of  strength,  but  also  for  the  sake  of  frictional 
efficiency  in  power  transmission  and  for  that  of  minimisation  of 
a])rasive  wear. 

Closeness  of  fit,  is,  in  the  opinion  of  the  writer,  of  even 
greater  importance  from  tlie  point  of  view  of  abrasion  and  wear. 
With  unguent  of  given  *'  strength  "  or  viscosity,  the  bearing 
thrust  will  be  distributed  over  a  larger  area  in  a  proportion  to 
this  closeness  of  fit,  and  the  intensity  of  bearing  pressure  per 
square  inch  is  proportionately  reduced.  Tliere  can  be  hardly 
any  doubt  tliat  tlie  abrasive  wear  increases  rapidly  with  tliis 
intensity  of  pressure.  The  system  of  tooth-gearing  of  this  paper 
has  been  designed  more  in  view  of  minimum  wear  than  for  any 
other  object.  In  the  case  of  pinion  gearing,  the  closeness  of  fit 
is  practically  uniform  throughout  the  whole  of  the  passage,  and 
in  wheel  gearing  there  is  very  little  variation. 
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This  desideratum  of  closeness  of  fit  really  includes  the 
avoidance  of  sharp  curvature  at  the  shoulders.  Every  mechan- 
ical engineer  recognises  instinctively  that  sharp  curvature  in  a 
surface  that  is  to  rub  over  another  under  heavy  pressure  is  most 
objectionable.  With  any  approach  to  even  a  very  blunt  knife- 
edge  curvature,  indentation  of  the  bearing  surface  occurs,  and 
this  both  largel}^  increases  the  resistance  to  dragging  the  one 
surface  over  the  other,  and  also  much  diminishes  the  load  at 
which  actual  crushing  of  the  material  begins,  such  crushing 
being  the  preliminary  to  abrasive  wear.  Again,  curvature  not 
nearly  so  sharp  as  to  produce  these  results  is  yet  sufficient  to 
ensure  the  flatter  surface  being  scraped  bare  of  oil  or  grease. 
It  is  not  generally  recognised  that  in  both  cycloidal  and  involute 
wheel-teeth,  the  theoretical  curvature  at  the  shoulders  is  in- 
finitely sharp.  Fortunately  it  is  impossible  to  manufacture 
teeth  to  this  theoretically  true  shape  at  the  shoulders,  and  this 
practical  impossibility  is  the  only  reason  why  these  teeth  do  not 
crush  and  suffer  extravagantly  rapid  abrasive  wear  at  their 
shoulders. 

In  the  design  here  advocated,  the  radius  of  curvature  at  the 
shoulders  is  made  as  large  as  is  compatible  with  other  good 
qualities  already  mentioned.  In  order  to  reduce  the  obliquity 
of  driving  thrust  within  moderate  limits,  and  at  the  same  time 
secure  1  J-pitch  rack-contact  with  a  height  of  tooth  above  pitch- 
line  of  i  the  pitch,  the  path  of  contact  is  made  to  cut  through 
the  pitch-point  at  a  sine-inclination  of  0  •  08  to  the  tangent,  or  4° 
35-1-',  and  the  ratio  of  this  angle  to  i  of  30°  =  74°  is  0-612, 
where  30°  is  the  pitch  angle  of  the  12 -teeth  pinion,  the 
theoretical  minimum  number  of  teeth.  This  makes  the 
theoretical  radius  of  curvature  of  the  face  of  the  12 -teeth  pinion 

close  to  pitch-point  — ^ —  =  0*0765  x  pitch,  and  that  of  the 

o 
0  •  fil  9 
rack  — J—  =  0-153  x  pitch.     For  any  number  of  teeth  jST,  it 

N 
becomes  Piq  =  0  •  153  -vj   ,   -,9  X  pitch. 

The  similar  radius  of  curvature  for  the  flank  close  to  pitch 

N 
point  is  infinitely  long  for  a  12-teeth  pinion,  is  0*153  ^  __  ..-7^ 

X  pitch  for  any  number  of  teeth  N,  and  for  the  rack  it  becomes 
0*153  X  pitch,  or  equal  to  the  face-radius. 

As  the  touching  point  recedes  from  the  pitch-point,  the 
obliquity  of  the  driving  thrust  to  the  pitch -point-tangent 
increases  at  a  uniform  rate  with  the  angle  rotated  by  the  wheel 
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up  to  a  final  limit  of  5  x  0*08  =  0*4  by  siue-measurement  at 
the  end  of  the  full  rack-contact,  although  it  does  not  reach  so 
far  in  the  pinion  contact.  During  the  first  motion  from  pitch- 
point  while  this  increases  from  0-08  to  2  x  0-08  =  0*16,  the 
theoretical  face  radius  of  curvature  increases  from  the  above 
values  to  four  times  as  much  in  the  12-teeth  pinion  and  to 
three  times  as  much  in  the  rack,  that  is,  to  0  •  306  X  pitch  in 
the  pinion,  and  to  0*459  x  pitch  in  the  rack.     For  any  number 

3N  +  12 

of  teeth  it  increases  to  0-153  ^r^ ztft 

^  +  12 

During  the  same  small  motion  the  flank  radius  of  curvature 
in  the  12-teeth  pinion  remains  infinity,  the  whole  flank  being 
straight,  while  in  the  rack  it  increases  to  thrice  its  length  at  the 
pitch-point,  the  flank  and  face  in  the  rack  being  the  exact 
reverse  of  each  other.     For  any  number  of  teeth  X  it  increases 

3  X  —  12 
from  the  abeady  given  value  to  0-153    -^  _  ^.-,    X  pitch. 

This  arc  of  the  tooth-line  is  very  short  in  all  cases,  as  is 
seen  in  Figs.  10  to  13,  where  the  outlines  of  a  series  of  teeth  are 
drawn  for  4-inch  pitch  and  where  this  arc  is  marked  off  in  each 
case  above  and  below  the  pitch-circle.  An  elaborate  trigono- 
metrical calculation  shows  that  a  single  arc  of  radius  equal  to 
the  arithmetical  mean  of  the  two  radii  at  the  beginning  and  end 
of  this  element  gives  the  true  outline  without  any  measurable 
error,  that  is,  on  a  4-inch  pitch  the  error  would  nowhere  be  so 
much  as  1  mil.  These  mean  radii  are  therefore  used  in  this 
design  for  the  two  small  shoulder  arcs  on  face  and  flank.  They 
are : — 

Shoulder  Shoulder 

Face  Radius.  Flank  Radius. 

12-teeth  pinion .  .  0  •  191  P  . .       Straight  =  cc  . 

N  teeth  ..  ..   0-306  ^^^  P  ..  0-306  .^^  ",^,  P. 

Rack      ..  ..         0-306  P  ..  0-306  P. 

where  P  means  the  pitch.  The  normal  distance  of  the  centre  of 
either  of  these  arcs  from  the  pitch  circle  tangent  at  pitch-point 
is  0-08  of  its  radius. 

From  the  ends  of  these  short  arcs  to  the  extreme  limits  of 
the  path  of  contact,  while  the  sine  of  the  obliquity  of  thrust 
increases  from  0-16  to  5  x  0-08,  and  while  the  distance  from 
pitch-point  to  point  of  contact  lengthens  from  0*1525  P  to 
0-6108P  or  fourfold,  the  theoretical  radius  of  curvature  of  the 
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face  of  the  1.2-teeth  pinion  increases  from  0*306P  to  0*995  P, 
or  in  the  ratio  3i,  while  that  of  the  rack  increases  from  0  -459  P 
to  1  •  377  P,  or  in  the  ratio  of  3.  At  the  same  time  that  of  the 
Hank  of  the  12-teeth  pinion  remains  infinite,  and  that  of  the 
flank  of  the  rack  increases  in  the  ratio  3 ;  while  that  of  any 

wheel  of  IST  teeth  is  increased  in  the  ratio  — \^ ^^,  which  is 

N  -  4 

less  than  3.  This  arc  being  much  longer  than  the  other,  suffi- 
cient accuracy  is  not  yielded  by  using  a  radius  equal  to  the 
arithmetical  means  of  the  theoretical  radii  at  its  two  ends.  Nor 
is  any  satisfactory  approximation  given  by  using  a  radius  of 
curvature  equal  to  the  mean  radius  taken  with  respect  to  the 
angular  motion  of  the  wheel,  because  for  equal  small  rotations 
of  the  wheel  the  corresponding  lengths  of  tooth-outline  are  very 
different. 

The  only  satisfactory  simple  approximation  to  the  true  sliape 
is  an  arc  of  a  circle  which  will  run  tangentially  into  the  short 
shoulder  arc  found  above,  and  which  will  also  give  to  the  out- 
line at  the  point  and  at  the  root  of  the  tooth  (1)  its  true  position 
and  (2)  its  true  direction.  The  problem  of  finding  two  such 
arcs  is  a  tedious  trigonometrical  calculation.  The  numerical 
values  of  the  radii  and  the  positions  of  the  arc-centres  are  given 
for  a  series  of  wheel  sizes  in  the  diagram.  Fig.  9,  in  which  are 
plotted  curves  giving  all  the  four  radii  of  the  two  shoulder  arcs 
and  the  two  completing  arcs,  along  with  the  positions  of  their 
centres.  These  positions  of  the  centres  are  best  defined  by 
their  normal  distances  from  the  tangent  at  the  pitch-point. 
Although  the  formulae  given  are  approximations  to  the  exact 
results  required  fur  absolute  uniformity  of  velocity-ratio,  still 
the  approximations  are  extremely  close,  considerably  closer  than 
is  practically  needed  or  is  practically  possible  in  the  best  machine 
gear-cutting.  On  the  face  of  the  20-tooth  pinion  to  10"  peri- 
pheral pitch  the  error  lying  inside  the  true  curve  =  0  •  02"  =  0  •  002 
X  pitch.  In  respect  of  uniformity  of  velocity -ratio,  it  must  be 
remembered  tliat  exact  equality  of  pitch  from  tooth  to  tooth  is 
more  important  than  exact  proper  shape  of  outline.  It  is  in 
the  change-over  from  contact  between  one  pair  of  teeth  to  con- 
tact between  the  next  pair  that  shock  and  noise  occur,  and  this 
is  due  to  inexactness  in  the  equal  pitching.  Deviation  from 
true  outline  of  tooth  profile  produces  some  acceleration  of  one 
or  the  other  wheel,  and  a  corresponding  strain  and  stress  pro- 
portionate to  the  masses  accelerated ;  but  this  acceleration  is 
never  sudden  in  the  same  sense,  or  the  same  order  of  magnitude, 
as  is  the  spring  into  contact  of  the  following  pair  of  teeth  when 
that  of  the  preceding  pair  ceases  and  the  spacing  is  inexact. 
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This  latter  produces  hammer-blows,  while  the  former  produces 
only  quiet  stressing.  Exact  pitching  is  of  prime  importance, 
while  the  good  shaping  of  the  tooth  is  of  more  importance  for 
the  sake  of  frictional  efficiency  and  absence  of  abrasive  wear 
than  for  uniformity  of  velocity.  From  this  latter  point  of  view 
single-arc  faces  and  flanks  are  very  desirable,  because  they 
maintain  one  uniform  closeness  of  fit  during  the  whole  period 
of  approach  to  the  pitch-point,  and  again  during  the  whole 
period  of  recess  from  pitch-point.  This  distributes  the  wear 
evenly  over  the  whole  face  and  the  whole  flank,  so  far  as  this 
wear  depends  on  closeness  of  fit.  It  is  impossible  to  carry  down 
the  same  arcs  to  the  pitch-line,  because  they  would  meet  in  a 
sharp  edge,  and  moreover  neither  of  them  would  give  the  cross- 
ing of  the  pitch-cu'cle  at  the  correct  inclination.  Thus  the  short 
connecting  shoulder  arcs  are  essential  for  smooth  running  and 
for  minimisation  of  wear,  and  four  arcs  constitute  the  simplest 
possible  design  for  really  satisfactory  results.  The  design  here 
recommended  makes  the  radii  of  curvature  at  the  shoulders  as 
large,  and  the  closeness  of  fit  throughout  as  close,  as  is  possible 
under  the  two  conditions,  (1)  uniform  velocity-ratio  in  all  gears, 
and  (2)  interchangeability  of  all  pairs  of  wheels  that  can  be 
made  up  from  a  complete  set  ranging  from  the  12-teeth  pinion 
to  the  straight  rack.  The  writer  attributes  very  little  impor- 
tance to  ease  of  draughtmanship,  because  an  hour's  extra  labour 
in  the  drawing-office  of  the  employment  of  a  higher  grade  of 
draughting  skill  is  as  nothing  compared  to  the  practical  advan- 
tages of  good  form  and  good  durable  wearing  quality  ;  but,  in 
view  of  actual  existing  conditions  in  the  majority  of  engineering 
drawing  offices,  a  design  which  is  of  simple  and  easy  application 
on  tlie  drawinu;  board  has  undeniable  advantages. 

The  formuhe  for  the  radii  of  curvature  from  the  short  shoulder 
arcs  out  to  the  point  of  the  face  and  down  to  the  root  of  the  flank 
arc  (see  Appendix  V.)  : — 

Bottom  Flank  Radius 

7/F  -  1  lU^  +    -  ^-^  __  12)(N -TS)"  ' 

Normal  distance  of  the  Centre  of  the  Bottom  Flank  arc  from 
the  tangent  drawn  to  the  pitch-circle  at  the  shoulder  of  the 
tooth 

7/-P      o  iQ-   .     1800  -  87-5 N-h  0-6 N'-* 
""1^  =  '-'''  -^  (N-12)(N-3)(N  +  rO)- 

Top  Face  Radius 


92  THE   DESIGN,    AND    THE    WASTE 

Xormal  distance  of  the  Centre  of  the  Top  Face  arc  from  the 
above-mentioned  tangent 

D/P  =  0-195  +18'7K-228  +  Q>135N^ 
'  N(N  +  12)(N-  11)      ■ 

Although  these  are  approximations  with  rounded-off  figures 
for  the  constants,  the  minuteness  of  the  errors  of  approximation 
are  well  illustrated  by  Table  I.  in  Appendix  V.,  which  gives  the 
true  values  of  the  chord  from  which  the  radius  is  calculated,  its 
approximate  value  by  approximation  formula,  and  the  error. 
This  error  is  alternately  +  and  -  ;  for  the  flank  it  is  about 
+  2  per  cent,  for  12  teeth,  passes  through  zero  at  14  teeth,  and 
reaches  an  opposite  maximum  of  + 1 J  per  cent,  at  about  20  teeth, 
and  then  decreases  to  +  J  per  cent,  for  numbers  of  teeth  some- 
what over  100;  for  the  face  it  is  -^  per  cent,  for  12  teeth, 
passes  through  zero  between  13  and  14  teeth,  and  reaches  an 
opposite  maximum  of  -j-|  per  cent,  at  about  20  teeth,  and  then 
decreases  to  +i  per  cent,  for  large  numbers  of  teeth.  The 
error  of  2  per  cent,  at  12  teeth  for  the  flank  is  of  no  importance 
whatever,  because  the  flank  is  here  straight,  the  radius  is  infinity, 
and  any  error  in  the  arithmetical  computation  of  infinity  is  of 
no  effect,  as  the  straight  edge  instead  of  the  compasses  are  here 
used ;  besides,  as  has  already  been  mentioned,  it  is  not  recom- 
mended to  use  pinions  of  less  than  14,  or  at  least  13  teeth. 

Very  long  radii  of  curvature,  when  not  infinite,  i.e.  for 
straight  outline,  are  not  only  inconvenient  in  drawing  and  in 
gear-cutting,  but  it  is  also  evident  that  a  flat,  or  nearly  flat 
flank  cannot  give  a  very  close  fit  with  a  well-rounded  face. 
This  seems,  at  first  sight,  to  offer  an  opening  for  criticism  of  the 
system  as  explained  so  far.  But  the  flank  radius,  which  is 
infinitely  long  for  the  12-teeth  pinion,  decreases  at  an  enor- 
mously rapid  rate  with  rise  of  the  number  of  teeth  above  12; 
so  that  it  is  only  1  -55  X  pitch  for  15  teeth,  and,  as  noted  above, 
is  reduced  to  0  •  93  P  for  20  teeth.  The  suggested  criticism  is, 
therefore,  of  no  practical  effect. 

All  designs  of  wheel-teeth  that  have  ever  been  proposed 
have  resulted  practically  in  certain  circular  arcs  being  substi- 
tuted for  the  true  theoretical  curve  of  the  tooth  outline,  and  it 
seems  probable  that  this  will  always  remain  so,  except  with  one 
special  form  of  rational  gear-cutting  machine.  The  author 
commenced  this  investigation  by  recognising  this  as  a  funda- 
mental and  unalterable  fact  of  wheel  manufacture ;  that  is,  he 
accepted  as  first  principle  that  the  outline  is  to  be  a  series  of 
circular  arcs,  two  for  face  and  two  for  flank  being  considered 
probably  necessary  and  sufficient.  From  this  starting-point  he 
set  out  to  discover  wliich  circular  arcs  fjave  the  best  results  as 
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to  (1)  frictional  efficiency;  (2)  abrasive  wear,  closeness  of  fit 
between  face  and  flank  being  important  for  both  these  good 
qualities ;  and  (3)  uniformity  of  velocity-ratio,  with  proper 
gearing  between  any  two  of  a  complete  set  without  special 
designs  for  this  particular  pair. 

The  avoidance  of  sharp  shoulder  curvature  and  advisability 
of  close  tit  and  little  obliquity  of  thrust,  lead  to  the  adoption 
of  the  straight  flank  for  the  pinion  of  12-teeth,  this  number 
being  considered  just  below  the  smallest  that  can  be  recom- 
mended. The  straight  flank  of  this  pinion  defines  the  shape  of 
the  contact-path,  and  this  again  the  correct  theoretical  radius 
of  curvature  for  the  tooth-outline  for  contact  at  each  point 
of  this  path.  These  theoretically  correct  relations  are  as 
follows : — 

T  =  0-153  P  (^^  -  l)    ^olar  equation  to  Path  of  Contact. 
E  =  0.153P(2,^.|ig-l) 

where  r  =  radius  vector  from  pitch-point  to  point  of  contact ; 
i  =  angle  between  r  and  tangent  at  pitch-point ; 
E  =  radius  for  face  of  tooth  for  contact-point  at  r,  i ; 
r  =  „         flank 

N  and  n  mean  for  any  one  wheel  the  same  thing,  namely,  the 
number  of  its  teeth ;  but  as  in  the  investigation  of  gearing  it  is 
always  necessary  to  consider  the  flank  of  the  tooth  of  one  wheel 
in  contact  with  the  face  of  another  wheel,  n  is  used  for  the 
number  of  teeth  of  the  wheel  whose  flank  is  in  contact,  and  N 
for  the  teeth  of  the  wheel  whose  face  is  in  contact. 

The  various  stages  of  the  mathematical  investigation  by 
which  this  design  has  been  evolved  are  given  in  the  Appendices 
to  the  paper. 

The  author  desires  to  cordially  acknowledge  the  valuable 
assistance  he  has  received  from  Mr.  T.  M.  Oldham  with  the 
calculations  and  drawings  needed  in  this  investigation. 
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APPENDIX   I. 

Rolling  and  Sliding. 

The  motion  of  one  tooth  upon  another  is  a  compound  of  pure 
rolling  and  sliding.  The  sliding  component  is  of  special  im- 
portance as  regards  frictional  waste  of  power  and  abrasive  wear 
of  the  surfaces.  The  analysis  of  the  motion  into  these  two 
components  is,  therefore,  of  fundamental  significance. 

The  laws  of  pure  rolling  are  well  known.  The  geometrical 
laws  of  the  translation al  sliding  of  one  curved  surface  over 
another  are  not,  so  far  as  the  author  knows,  to  be  found  in  any 
of  the  well-known  mechanical  text-books.  For  the  sake  of 
comparison  the  two  sets  of  laws  are  here  stated  together. 

Fig.  1. — Rolling  :   Relative  Angle  of  Rotation  7. 

Convex  on  Co'uvex :  radii  R  and  r. 

r  R 

(1)  a  =  Rolled  arc-length  equal  on  each  surface  =  7 

(2)  a  =  angle  on  R-surface  of  motion  of  contact-point  =  7 


r  4-  R 
R 


(4)  7  =  a  +  yS 


Convex  R  on  Concave 


{p)a=^j\  (7)^=7      ^ 


r  -  R  ^  ^  '^      '  r  -  R 

r 
T  -  R 


(6)  a  =  7-%.  (8)  7  =  a-/3 


Fig.  2. — Sliding  :  Relative  Tangential  Linear  Translation 

Convex  R  on  Convex  r. 

"P 
(9;    a  =  motion  of  contact-point  along  R-periphery  =  s 


r-f  R 


(10;/.=        „  „  .  „       r-         „  =%/^Y. 
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(11)  a  =  p=' 

r  -\-  K 

Convex  R  on  Concave  r. 

(12)  a  =  s       *^p  ^^  direction  opposite  to  motion  of?'  past  R 

T 

(13)  l)  =  s _  „  same  as  „         R     „     r 

r  —  R 

(U)  a  =  /5  = 


-  R 


(15)    Sliding   distance  determining  irictional    work    for    both 
convex  on  convex  and  convex  on  concave  =  s. 

Fig.  3  helps  to  make  the  last  case  more  easily  understood. 
In  it  the  small  semicircle  is  supposed  held  fixed,  while  the 
larger  semicircle  slides  on  it  parallel  to  itself,  so  that  the 
touching  point  describes  a  complete  semicircle  on  both  fixed 
and  moving  arcs. 


APPENDIX   II. 

General  Equations  of  Uniform  Velocity -Ratio, 

Fig.  4  gives  a  demonstration  of  spur-teeth  motion  which  is 
simple,  and  brings  out  the  good  or  bad  qualities  of  tooth-form. 
The  line  A  B  represents  the  fixed  base  or  frame  in  which  the 
two  outside-geared  wheels  turn  about  the  centres  A  and  B. 
T  t'  represents  a  short  arc-element  of  the  two  teeth  where  they 
touch.  As  the  wheel  A  turns  left-handedly  through  the  very 
small  angle  a,  the  element  T  t'  of  its  tooth-surface  moves  into 
the  position  «'  h\  while  at  the  same  time  the  T  t'  element  of  the 
B  tooth  moves  into  the  position  h'  h",  and  the  B  wheel  moves 
right-handedly  round  the  centre  B  through  the  small  angle  /3. 
Thus  T  a  a  is  perpendicular  to  T  A,  and  Th'htoTB. 

The  motions  being  minute,  a'  h'  and  h'  h"  are  both  proximately 
parallel  to  T  t' ,  and  therefore  lie  almost  in  the  same  straight  line. 
N  T  ?i  is  drawn  perpendicular  to  A  B,  and  ^  T  P  to  T  if'.  Simply 
for  the  sake  of  clearness,  the  small  figure  t'  T  a  h'  p  is  enlarged 
to  tT ahp,  and  n  and  jJ  are  the  intersections  on  ab  of  N T  and 
P  T.  B  B"  is  drawn  parallel  to  T  t',  and  therefore  perpendicular 
to  P  T,  and  B"  IV  perpendicular  to  T  B. 

The  motion  of  the  two  wheels  round  the  fixed  Ijase  A  B  is 
looked  on  as  the  resultant  of  two  successive  motions.     In  the 


96  THE    DESIGN,    AND    THE    WASTE 

first,  the  base  along  with  the  two  wheels  are  rotated  all  together 
round  centre  A  left-handedly  through  the  angle  a,  there  being 
no  relative  motion  among  the  three  bodies.  In  the  second,  while 
wheel  A  is  held  fast  in  its  new  position,  the  base  is  pulled  back 
to  its  original  position  by  a  right-handed  rotation  a  round  centre 
A,  dragging  with  it  wheel  B,  so  that  this  wheel's  centre  is 
brought  back  to  its  original  position.  In  the  first  motion  the 
touching  element  T  t'  of  the  B  tooth  is  carried  to  a'  b'.  In  the 
second  motion  it  slides  along  a  h'  of  the  A  tooth  to  the  position 
■V  h",  and  at  the  same  time  the  wheel  B  rotates  round  wheel  A 
right-handedly  through  the  angle  y  =  a  -^  /3.  At  the  B  end  of 
the  radius  T  B,  the  translatory  or  sliding  motion  is  B  B",  and 
rotation  7  moves  the  B  wheel-centre  through  a  path  measured 
in  length  and  direction  by  B'  B".  The  sliding  of  tooth  upon 
tooth  is  a  h\  or,  on  the  enlarged  scale,  a  b,  while  the  rolling  of 
tooth  upon  tooth  is  7  =  a  +  /3. 

The  point  originally  at  P  on  wheel  A  has  risen  by  the 
notation  a  a  height  which  we  call  p. 

The  triangle  Tan  is  similar  to  A T P ;  triangles  Tbn  and 
B'B"B  are  similar  to  BTP,  and  Tpn  to  TNP.  The  angle 
P  T  N"  is  called  i,  and  the  distance  T  P  is  called  r.  In  the 
second  motion  the  rotation  of  wheel  B  takes  place  about  its 
touching  point  T  on  wheel  A,  and  therefore  angle  7  =  B"  B'/T  B. 

Therefore, 

,  Ta'         P  BB'       B'B"     PB  PB 

angle  -  =  ^A  =  PA  =  BA  =    TB   *  BA  =  '^  *  BA* 

Therefore 

PB\  PA 


Angle  ^  =  7-a  =  7(l-  g^)  =  7 
Therefore  a//3  =  P  B/P  A. 


BA' 


Or,  P  divides  the  centre-line  A  B  in  the  inverse  ratios  of  the 
instantaneous  angular  velocities.  Otherwise  stated,  P  is  the 
instantaneous  "  pitch-point,"  and  the  motion  p  of  both  wheels 
at  P  is  the  same.      Also  motion  at  pitch-pomt  =  p  =  a-AF 

A  X  B 

=  yS  •  B  P  =  7 =,  where  the  pitch-radii  of  the  two  wheels 

A  +  Jt3 

are  called  A  and  B  respectively. 

The  touching  point  T  is  shifted  along  the  line  P  T  outwards 

the  distance  T p,  and  at  same  time  may  be  shifted  right  or 

left  hand  transversely  to  P  T  on  the  line  a'  V .      Therefore  the 

increase  of  t  is 

,,,       .  AT       T»  Ta       T» 
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Thus,  T  n  and  T^  measure  j:>  and  S  r,  while  T  a  and  T  h  measure 
the  linear  motions  of  the  touching  parts  of  the  A  and  B  teeth. 

Also,    since    a  n/T  n  =  r/A,    and   b  njT  n  =  t/B,    therefore, 
a  71  jh  n  =  B/A  =  a/yS  ;  and 

/o\  -LI  y     h  /I  bn     'B 

(2)  a6/T  =  ^.— =7— .-  =  7. 

Thus  a  nJT,  b  njr,  and  a  blr  measure  the  angles  a,  /3,  and  7,  and 
the 

(3)  Slidin£j  of  tooth  on  tooth  —  s  =  ab  =  ry  =  v—^ =^" 

°  ^     A  X  B 

In  the  first  of  the  supposed  component  motions,  that  is,  before 
there  was  any  sliding  or  rolling  of  tooth  on  tooth,  the  contact- 
point  was  carried  from  T  to  a,  the  distance  a7i  =  ra  =  p-r  to 

the  left  of  the  vertical  X  T  normally  to  P  T.  The  radius  of 
curvature  of  the  convex  face  of  the  A  tooth  being  called  E,  and 
the  radius  of  curvature  of  the  concave  flank  of  the  B  tooth  being 
called  r,  the  right-handed  sliding  t  7  carries  the  touching  point 

still  further  along  ba  to  the  left,  the  distance  ry =  .       But 

the  rolling  7  carries  it  back  towards  the  right  bv  the  distance 

7  7— -5,  where  7  =  a  -f-  /3.     Adding  these  three  parts  together 

we  find  the  distance  of  the  new  touching  point  from  71  to  the 
right,  measured  perpendicularly  to  P  T,  or  along  the  line  a  b,  to  be 

r^^_      T  _      (A  +  B)E>--(AE  +  Br)T 
^^T^W      ^'a'^' A  X  B  (r  -  E) ■ 

The  last  form  of  this  expression  is  s}Tnmetrical  with  regard  to 
the  A  and  B  wheels. 

The  distance  np  of  point  ??,  from  line  P  T  is^  sin  i  ;  and,  if 
the  above  were  equal  to  p  sin  i,  the  contact-point  T  would 
simply  move  outwards  8t  =  j^  cos  i  along  the  line  P  T. 

By  subtracting  p  sin  i  and  dividing  the  whole  by  2^  cos  i,  we 
have  the  tangent  of  the  right-hand  outward  inclination  of  the 
path  of  contact  from  P  T.  In  Fig.  5  this  angle  is  shown  and 
called  0,  a  short  element  of  the  contact-path  at  T  being  called 
T  T'.  Thus  (i  -f  6)  is  the  angle  of  inclination  of  this  part  of  the 
contact -path  from  the  vertical  P  P'  or  N  T  ;  and 

^       .^^       .      (A-f  B)Er -(AE  +  Br)T 
tan  I  +  tan  ^  =  ^-      .^   _,  ,     ^  ^.  .     -    . 

A  X  B  (?•  -  E)  cos  I 
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At  the  pitch-point  r  =  0  and  ^  =  0. 

If  2*0  be  the  angle  at  which  the  curve  crosses  at  P,  the  above 
gives 

Eprp    _     'N  n      .     .       p 

where  the  suffixes  o  to  Eo  and  Tq  indicate  that  these  are  the 
radii  of  face  and  flank  curvature  at  the  pitch-line,  and  where  N 
is  the  number  of  teeth  of  the  wheel  whose  tooth-face  touches 
the  tooth-flank  of  a  wheel  of  n  teeth. 


APPENDIX   III. 

liquations  with  Straight  Flank  in  12-teeth  Pinion. 

If  Ni  be  number  of  teeth  in  the  smallest  pinion,  the  angular 

pitch  of  this  pinion  is   — =— ;  its  pitch-circle  circumference  is 

N  P 
NiP;   and  its  diameter  — ^,  where  P  is  the  peripheral  pitch. 

TT 

If  the  thickness  of  its  tooth  were  made  parallel  below  the  pitch- 
circle,  the  flanks  on  each  side  of  a  gap  between  two  teeth  would 

360° 
converse  at  an  angle  -^^-,  and  if  the  flanks  were  made  radial 

o  ^       Ni 

180° 
they  would  converge  at  an  angle  a  little  greater  than  — — - .    In 

the  latter  case  the  path  of  contact  would  cross  the  line  of  centres 
at  90°,  and  the  flank  gap  of  the  rack  would  be  parallel ;  also  the 
radius  of  curvature  of  the  teeth  of  all  sizes  of  wheels  at  the 
pitch-circle  would  be  zero.     In  the  former  case  the  contact  path 

90°  TT 

would  pass  the  pitch-point  at  the  angle  ^r^,  or  — —  in  circular 

measure. 

As  a  compromise  between  sharpness  of  curvature  at  the 
shoulder  and  excessive  obliquity  of  driving  thrust,  the  contact 

path  is  made  to  pass  the  pitch-point  at  an  angle  io  =  v  i^-^- 
=  0-612     '^^  to  the  tangent.     With  Ni  =  12,  sin  ^  =  0*08 
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exactly,  and  - —  sin  io  =  ^^  =  0  •  153  -  .   This  makes  the  final 
equation  (5)  of  Appendix  II. 

This  applied  to  the  case  of  the  gearing  of  two  racks,  or  two 
equal  very  large  wheels,  gives  R^  =  r^.  Other  considerations 
also  show  that  the  face  of  the  rack-tooth  is  throughout  the  exact 
reverse  of  its  flank. 

Applied  to  the  gearing  of  two  pinions  each  of  Ni  teeth,  it 

yields  Ei  =  77  P — ^-^_  ,  and  if  the  flank  of  the  Ni  pinion  be 
77  F  +  8  rj 

made  straight,  or  r^  =  co ,  this  means 

(2)  El  =^P  =  0-0765  P. 

8 

Apply  it  next  to  the  case  of  N  =  IN*!  and  7^  =  00 ,  or  pinion 
of  Xi  teeth  gearing  with  a  rack.     The  result  is 

(3)  .-.     r,=  R.=  ^P  =  0-153P. 

Apply  it  to  the  case  of  the  face  of  a  wheel  of  any  number  of 
teeth,  N  gearing  with  the  flank  of  the  rack-teeth  : — 
Face  shoulder  for  N  teeth 

(4)  E,  =^--^._A^^_  =  0-153  P      ^ 


4    *  N-fNi  N  +  12* 

And  again,  to  the  flank  of  same  wheel-tooth  gearing  with 
the  rack-tooth  face : — 

Flank  shoulder  for  n  teeth 

(5)  ro  =^,^._-!'_  =  0.153P 


4       71  -  Ni  7^  -  12 

From  this  formula  would  also  follow  the  measure  of  the 
"  closeness  of  fit  "  for  contact  close  to  the  shoulders  of  wheels  of 
N  and  71  teeth  : 


<"Kk-k)'it 


Xi  (N  -f  n)  ^  39r2     N^-M^ 
P  '         N/t  P     •     N71    " 

H  2 
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The  shoulder  radii  actually  used,  however,  are  greater  than 
the  above,  and  the  fit  is  thus  much  closer. 

Except  for  the  choice  of  sin  io  =0*08;  Ni  =  12  ;  and  ^'i  =  co  , 
all  in  this  Appendix  is  independent  of  the  special  shape  chosen 
for  the  contact-path. 

The  difficulty  in  choosing  the  base  elements  is  to  combine 
avoidance  of  convexity  in  the  flank  with  avoidance  of  sharp 
curvature  in  the  face  ;  because  the  above  fundamental  shoulder 
equation  also  gives 


77P  -4Ei 


which  show  that  if  either  E^,  or  Ei  be  made  greater  than  ^P, 

then  the  flank  radius  at  shoulder  becomes  negative,  which 
means  convexity.  This  is  a  basic  difficulty  in  all  "  universally 
interchangeable"  designs  whatever  contact-path  be  chosen. 
Fig.  6  shows  the  variation  of  7\  and  E^  =  r^  through  the  total 
possible  range  of  choice  of  Ei.      The  diagram  shows  that  no 

choice  of  Ei  much  different  from  ^  P  is  theoretically  correct  for 

o 

exact  uniformity  of  velocity  ratio. 


APPENDIX,  IV. 

Contact  Path.     Radii  for  Outline.     Closeness  of  Fit. 

In  Fig.  10,  which  shows  the  outline  of  the  12-teeth  pinion, 
there  is  also  inscribed  the  contact-path.  It  is  determined  by 
the  flatness  of  the  flank  of  this  12-teeth  pinion.  If  4  were 
made  zero,  it  would  be  the  arc  of  a  circle  of  diameter  equal  to 
Bi,  the  radius  of  this  pinion.  But,  as  seen  in  Fig.  10,  the  straight 
flank,  instead  of  running  to  the  centre  of  the  pinion,  lies  tangent 
to  a  small  circle  round  this  centre  of  radius  Bi  sin  io.  If  through 
the  centre  be  drawn  a  line  parallel  to  the  flank,  and  remem- 
bering that  Bi  =— — ~ — r  P,  it  is  easily  recognised  that  the  polar 

4r  sm  %Q 
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equation  to  the  contact  path  is 

/i\  T)   /  •     '        •     •^       '^  P  /sin  i        ^\ 

(1)  T  =  Bi  (sm  I  -  sm  i^)  =  -L—i  ~. — ^  -  1 ) , 

4:    Vsm  to         / 

from  which  is  at  once  deducible 

(2)  m,0  =T'li  =  ''''' -'^'''. 

(It  cos  i 

Inserting  this  value  in  the  general  equation  (4)  Appendix  II., 
the  following  relation  is  found  between  E  for  the  face  with 
IN"  teeth  gearing  with  r  of  the  flank  with  n  teeth,  at  each  point 
of  the  contact-path  defined  by  sin  i. 

^^^  77  P.N  w   '  EN     \N4-Ni    'sin  4         f 


-  1   . 


_  71  —  Ni  [2  ^  —  Ni     sin  i 
rn       [  n  —  Ni    *  sin  i 

Apply  this  successively  to  the  cases, 

(1)  N  any  number,  n  =  Ni  with  ri  =  oo  , 

(2)  N  =  00  and  ?i  =  Ni ; 

(3)  N  =  cc  and  n  anv  number ; 

(4)  X  =  X,. 

There  result  the  following  set  of  formulas,  which  give  a 
complete  theoretical  account  of  this  system  of  interchangeable 
toothed-wheels : — 

^-        -1 .-,  ^   ,- 1  .^     7?       /^  1  r  o     sin  i        ., 


1    —     -L-     •     '/    —    ^      UJ.-     .    - 

—  u 

±oo  . 

sm  ^o 

(4) 

T 

=  0-lo3P(i'  -  1) 

contact-path. 

(5) 

E 

.«-P(=|>- 

.  ^'  - 

■0 

(face-radius  for 
iN  teeth. 

(6) 

r 

-0-153P    2»-12 

71  —   12 

^"  - 

1 

(flank-radius 
ifor  n  teeth. 

0) 

n 

=  cc 

straight  flank 
for  12  teeth. 

(8) 

Im 

=  0•]o3PC^^'  -  1\ 

( face-radius  for 
112  teeth. 

C^) 

I^x 

=  r^  =  0-153  P  (2  ^'  - 

1) 

face  and  flank 
radius  for  racl 
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-vr  (shoulder  face- 

(10)  E^  =  0  •  153  P  ^^^--  radius  for  N 

^  "^  ^"^  (teeth,  i'  =  1. 

„  [shoulder  flank 

(11)  ro  =  0  •  153  P  -^  radius  for 

(n  teeth,  ^'  =  1. 

Q  N"  J-  4.«  I  f^ce  radius  at 

(12)  Es  =  0  •  153  P  -^^^  \  end  of  contact 

^^  "^^-^  (forNteeth/  =  5 

Q -M  _  zt«  (flank  radius  at 

(13)  n  =  0  •  153  P  ^-^^  end  of  contact 

( for  n  teeth,  i'  =  5 

Closeness  of  fit  between  face  of  IST  teeth  and  flank  of  n  teeth  ; 

(14)  ^(^-h=        ^        \  ^  +  12 

^^       =^\E      r)      0-306  P(  (2  ^'- l)N-f-(t' -  1)12 

n  -12  I 

(2^'  -  l)7^-(^'-T)12  ] 

Ditto,  for  shoulder  to  shoulder  contact,  i'  =  1; 
,.^.         ./I        1\       39-2     ^  +  n 

Ditto,  for  point  to  root  contact,  i'  =  5 ; 
^  VEs       rs  /         P     •  (N  +  51)  (n  "-"51)  * 


APPENDIX    Y. 

Circulai'  Arc  Ajoproximations  to  true  Outline. 

The  values  found  in  Appendix  IV.  for  r,  E  and  r  all  increase 
uniformly  with  i'  or  sin  ^'/sin  I'o,  which  ranges  from  1  at  the 
pitch -point  to  -5  at  the  ends  of  the  contact-path,  while  sin  i 
varies  nearly  in  proportion  to  i,  because  i  does  not  range  beyond 
23J°.  Again  (i  —  %)  is  strictly  proportional  to  the  peripheral 
arc  rolled  through  from  pitch-point  on  the  pitch-circle  of  any 

wheel  of  any  number  of  teeth.     In  fact  (i  -  i^)  =  -^  •  p  in 


I 
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circular  measure.  This  proximate  uniformity  of  increase  with 
the  arc-length  on  the  pitch-ciiTle  justifies  methods  of  approxima- 
tion to  the  exact  tooth-outline  by  circular  arcs.  In  selecting 
such  methods,  however,  it  must  be  remembered  that  the  arc- 
lengths  along  the  outline  of  the  tooth  do  not  vary  at  all  in  the 
same  uniform  manner.  Therefore  no  arithmetical  mean  of  the 
radii  taken  with  respect  to  |:>,  or  {i  —  io  ),  or  sin  i,  give  satis- 
factory approximations. 

The  approximations  adopted  are  two  very  short  shoulder 
arcs  on  face  and  flank  sides  of  pitch  circle,  and  two  much  longer 
completing  arcs  running  tangentially  into  the  shoulder  arcs,  and 
giving  both  true  position  and  true  direction  at  the  point  of  the 
face  and  at  the  root  of  the  flank. 

The  short  shoulder  arcs  range  from  ^'  =  1  to  i=  2,  giving 
true  position  and  true  direction  at  each  end  of  this  range.  An 
exact  trigonometrical  calculation  shows  that  the  correct  radii  are 
the  arithmetical  means  of  the  theoretical  radii  at  pitch  point  and 
at  i'  =  2.     Equations  (5)  and  (6)  Appendix  TV.  give  these  : — ^ 

(1)  Eo  =  0-306  P 


N  +  3 

N  4-  12 

n  -  3 

(2)  ro  =  0-306  P ^. 

The  distances  of  the  centres  of  these  arcsjfrom  the  tangent 
at  pitch-point  are  0*08  of  the  radii,  since  they*lie  on  the  line  at 
io  to  this  tangent,  or 

(3)  Do  =  0-0245  P  1^2- 

(4)  d   =  0-0245  P^^^. 
^  ^  7t  —  12 

The  completing  arcs  run  from  i'  =  2  io  %  =|5.  At  i  =  5, 
equation  (4)  of  Appendix  lY.  gives 

T  =  ^P.4  =  77.P  =  0-612  P. 
4 

The  distances  of  points  within  the  tooth-outline  by  E  and  r^ 
from  the  pitch-poiQt  are,  therefore,  now 

iST  4-  21 

(5)  ^_E^  =  0-306  Pj^±-j2. 

(6)  -- ^'0  =  0-306  P^-^J. 
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When  n  >  21,  the  point  so  found  for  the  flank  is  outside 
the  pitch-circle. 

Fig.  8  shows  the  construction  for  finding  the  radii  and  centres 
of  the  completing  arcs,  the  centre  of  a  shoulder  arc  being 
marked  C,  and  that  of  the  corresponding  completing  arc,  K.  T 
is  the  touching  point  when  i'  =  5,  and  P  the  pitch-point.  The 
angles  used  in  the  construction  are  explained  in  Fig.  7.  jS  is 
the  angle  through  which  the  wheel  has  revolved  up  to  i'  =  5 
from  the  passage  of  the  shoulder  through  P.  Fig.  7  shows  that  T  P 
or  T  makes  with  the  tangent  at  the  shoulder  the  angle  {i  +  /?)  for 
the  face  and  (i  —  jS)  for  the  flank ;  while  with  the  tangent  to  the 
contact-path  at  P  (which  makes  with  the  tangent  to  the  pitch- 
circle  the  angle  %)  t  makes  the  angles  (i  —  io  +  y8)  for  face  and 
{i  —  io  -  >S)  for  flank.    With  the  chord  from  shoulder  to  P,  the 

line  T  makes  the  angles  [i  -\-  ~yj  for  face  and  U  -  ^j  for  flank. 

From  T,  Fig.  8,  is  plotted  along  r  towards  P  the  radius  Eo  for 
face,  and  Tq  for  flank,  and  this  point  is  marked  c.  The  centre  K 
must  be  equidistant  from  C  and  c,  and  must  lie  on  the  pro- 
longation of  T.  Therefore  the  angle  c  C  K  is  made  equal  to  the 
angle  C  c  K,  and  the  length  of  chord  C  c  is  calculated.  The 
calculations  of  angle  C  c  K  and  of  chord  C  c  are  both  very 
complicated  and  tedious,  and  need  here  be  indicated  only  in 
outline.  The  length  of  chord  S  P  is  easily  found,  and  those  of 
P  c  =  (t  —  Eo  )  for  face  and  (r  —  Tq  )  for  flank  are  given  above. 
The  vector  resultant  of  these  is  C  c,  and  the  angles  they  make 
with  S  C  are  known.  From  their  projections  parallel  and 
]Derpendicular  to  S  C,  the  length  C  c  is  found,  and  at  the  same 
time  the  ratio  of  these  components  of  C  c  gives  the  tangent  of 
the  inclination  of  C  c  to  S  C.  From  this  last  angle  that  between 
C  c  and  r  is  calculated. 

Thus  calculated,  the  chord  C  c  has  the  length 

(7)  C.  =  Pro-15337T^:^-'^:^  +  ^'-ii^) 

V  n  01^  n^  n^    / 

where  the  upper  —  sign  is  for  flank,  and  the  lower  -j-  sign  for 
the  face.     An  approximation  to  this  is 

(8)  C  c  =  P  ("O-ISS  +  ^~  +  ^) 
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The  eiTor  in  this  approximation  is  illustrated  in  the  subjoined 
table  : — 


Number  of  Teeth 

Approximate 
3-term  formula 

j                Error 

True  Value 

12            ^^"^^ 
Face 

0-0764 
0-2630 

0-0890 
0-2384 

0  1030 
0-2150 

0-1315 
0  1763 

i         +0-0016 

I         -0-0006 

0-0748 
0-2636 

Flank 
lo 

Face 

-0-0005 
+0-0007 

0-0895 
0-2377 

20            ^'''■^ 
Face 

-0-0015 
+0-0013 

0-1045 
0-2137 

Flank 
50 

Face            1 

-0-0013 
+0-0007 

0-1328 
0-1756 

Flank 
100 

tace 

U-1420 
0-lt;44 

-0-0008         j 
+0-0002 

0-1428 
0-1642 

A  similarly  close  approximation  to  the  circular  measure  of 
the  anole  C  c  K  is 


CcK  =  l-  (0-1236  +  ^^^  -  ^^) 

2        V  n  ov'  / 


the  coefficients  being  adjusted  so  as  to  give  the  exact  true  values 
for  both  face  and  flank  at  the  extreme  limits  of  the  rack  and  the 
12-teeth  pinion,  and  the  errors  for  intermediate  members  of 
teeth  being  negligibly  minute. 

The  distance  KC=  Kc=  iCc-^sin  ;  and  this  angle 

—    ^  is  only  T  5'  for  face  and  flank  of  tlie  rack ;  is  0  for  flank, 

and  10°  51'  for  the  face  of  the  12-teeth  pinion ;  so  that  approxi- 
mation in  making  this  division  is  quite  allowable.  To  K  c  has 
to  be  added  Eo  or  Tq  as  already  found  in  order  to  obtain 
K  T  =  Pi  or  r  for  the  completing  arc. 

After  adjusting  the  factors  so  as  to  obtain  almost  exactly 
true  values  throughout  the  whole  range  from  the  12-teeth  pinion 
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to  the  Straight  rack,  the  resulting  formulse  for  the  radii  of  the 
arc  for  flank  and  face  are  as  follows : — 

(10)  Top  face  radius  R  =  P  ]  1-103  -  §  ^-^7 


(N-8)(N+  23) 
4800-335-472,4-1071^ 


(11)  Bottom  flank  radius  .  =  p|  1  •  103  + ^-^^^^4-:^^ 

I  n  (72,-12)  (7^  —  8)     ) 

To  find  the  exact  positions  of  the  centres  K  of  these  arcs, 
the  method  of  finding  the  angles  between  the  various  lines  in 
the  figure  has  already  been  explained. 

The  angle  which  the  line  CK  joining  the  centres  of  the 
shoulder  and  the  completing  arcs  makes  with  the  tangent  to  the 
pitch-circle  at  the  shoulder  S  is 

(12)   for  face  arc  0-1641    +  i-*J  +  ^'^^ 


(13)    and  for  flank  arc  0*1641   -  ^^  +  ^^ 

The  size  of  this  angle  multiplied  by  (K  —  Ro)  for  face,  and 
by  {r  —  To)  for  flank  and  this  product  added  to  the  normal  dis- 
tance of  C  from  the  tangent  at  S  (which  last  has  already  been 
given  in  equations  (3)  and  (4)  of  this  Appendix),  is  the  normal 
distance  of  K  from  the  same  tangent.  This  distance,  called  D 
for  face  and  d  for  flank,  is  given  in  Fig.  9  by  two  curves  for  all 
sizes  of  wheel. 

Two  formulae  of  the  same  general  character  as  those  for  the 
radii  have  been  worked  out  for  these  distances  D  and  d,  the 
factors  being  adjusted  so  as  to  give  accurate  values  throughout 
the  whole  ranore.     These  are 


O" 


(14)  D=0'195-f 
and 

(15)  cZ  =0-195  + 


18-7^^-  228  +  0-135  N'^ 
N  (N  +  12)  (N  -  11) 

1800  -  87-5  72,  + 0-6  7^^ 

(72,  -   12)  (72,  -  3)  (7^+  10) 


This  normal  distance  of  the  centre  from  the  tangent  to  the 
pitch  circle  dra\vn  at  the  shoulder  to  the  tooth  is  the  most 
accurate  and  the  easiest  draughting  method  of  locating  these 
centres. 

The  following  table  gives  examples  of  the  radii  and  centre 
distances  calculated  as  above  : — 


AND    WEAR    OF   WHEEL   TEETH.  lOT 

Radii  and  Centre-Distances,  foe  Peripheral  Pitch  =  1. 


Number  of 
Teeth 

12 

20 

30 

100 

Rack 

R 

•191 

•219 

•240 

•281 

•305 

Do 

•0153 

•0176 

•0192 
•458 

•0225 

•0244 

To                         00 

•649 
•0519 

•337 

•306 

do                  CO 

•0366 

•0J69 

•0244 

R 

•825 

•903 

•946 

r036 

1-103 

D 

•250 

•230 

•214 

•198 

•195 

r 

00 

2-19 

1-42 

1^191 

1-103 

d 

oo 

•266 

•180 

•194 

•195 

APPENDIX    VI. 

Frictional  Efficiency, 

Tlie  frictional  waste  of  power  is  calculated  in  the  following 
manner : — 

The  linear  velocity  of  sliding  of  tooth  over  tooth  has  been 
shown  to  be  r  7'  =  r  (a  +  /S'),  where  r  and  yS'  are  the  angular 
velocities  of  the  two  wheels  respectively  to  the  frame  in  which 
they  are  centred,  both  l)eing  reckoned  +,  although  they  are  of 
opposite  rotative  signs.  7  is  unaffected  by  the  shapes  of  the 
teeth.  T  ranges  from  0  as  the  touching-point  passes  pitch-point 
up  to  its  value,  when  ^'  =  5  at  end  of  contact.  Both  the  method 
in  which  it  varies  throughout  this  range,  and  its  extreme  value 
depend  upon  the  shape  of  contact-path  chosen  and  the  length  of 
contact.  The  smaller  io  is  made,  the  more  rapid  is  the  increase 
of  T  from  zero,  and  the  greater  is  its  average  value  in  proportion 
to  its  extreme  limitin^j  length. 
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The  obliquity  of  action,  and  the  ratio  of  the  friction 
generating  thrust  to  the  useful  driving  component  of  this  thrust, 
also  increase  with  z'o  and  with  the  general  inclination  of  the 
contact-path  to  the  tangent  at  pitch-point.  Thus  what  one 
gains  in  less  obliquity  with  a  small  io,  is  largely  lost  in  larger 
average  value  of  t,  and  the  correct  choice  of  %  is  a  problem  of 
the  minimisation  of  the  product  of  two  evil  influences. 

With  a  useful  driving  thrust  F  parallel  to  tangent  at  pitch- 
point,  the  actual  thrust  between  teeth  is  F/cos  i  when  the 
touching-point  T  has  the  polar  co-ordinates  i  and  r ;  and  since 

T  =  — j- (  ^- — r—  1  Y  therefore,  with  friction  co-efficient/,  the 

rate  of  doin^  work  on  friction  is 


4    ^    sm  ^o  cos  ^    y  ^  ^ 

12  12 

Here  a  is  the  differential  of  -~  (i  —  io)  and  8'  of  —  (i  —  L) 

N  n   ^, 

"N  4-  71 
so  that  (a  -{-  (3')  is  the   differential  of  12    -^^^ (^  —  ^o  )  or 

^  A-  n  n 

12    ^^^-  3^.      Since  :=  0^53  and  12x0-153  =  1-836,  the 

frictional  work  done  while  i  increases  from  ^'o  to  any  value  i  is 
the  integral  between  these  limits  of 


(1)  1-836/FP  V"'  •  '^}-'^^^  Bi. 

^  '^  1\  n  siii  In  COS  I 


This  intet^^ral  is 

cos  L 


loge 


cos  ^ 


(2)  i.836/FP^y^|-4^ 

,        /I  4-  sin  i     1  —  sin  i^  \  \ 
-log«(j^^iO-l  +  smiJ/ 

In  some  cases  the  contact  lasts  §  P  or  somewhat  beyond 
sin  ^  =  5  sin  io,  and  in  others  consideral^ly  less  than  this.  The 
variation  is  not  large,  and  as  the  friction  co-efficient  /  cannot  be 
known  very  accurately,  it  is  sufficient  to  calculate  an  average 
integral  up  to  sin  ^  =  5  sin  %.  Up  to  this  limit  from  pitch- 
point,  the  integral  frictional  work  is 


AND    WEAR    OF   WHEEL    TEETH.  109 

=  1-836  X  0-363/FP^^^  =  l/FP-^;^-''. 

The  useful  work  done  during  the  same  time  is   0 '  63  P  F»- 
Therefore  the  ratio  of 

...  frictional  waste  horse  power    _  ^    -^^  .N  +  ^ 

^  ^  useful  effective  horse  power     ~  "^     ^  n    ' 

Therefore,  as  ordinarily  reckoned,  the 

(5)  frictional  efficiency  =  


i-^^-°6/^' 


DISCUSSION. 


The  Chairman  moved  a  vote  of  thanks  to  the  author  for 
his  paper,  and,  in  doing  so,  said  those  present  would  agree  with 
him  that  the  author  had  demonstrated  once  more  the  value  of 
ripe  theoretical  experience  brought  to  bear  on  practical  ques- 
tions. They  knew  that  at  the  present  time  there  was  great  need 
for  such  a  paper,  in  order  that  the  subject  might  be  brought  up 
to  date.  He  (the  Chaii-man)  could  remember  very  well  workings 
in  shops  forty  years  ago  where  one  of  the  chief  features  was  the 
making  of  teeth,  and  he  was  quite  sure  that  no  such  trouble  as 
the  author  had  indicated  was  ever  taken  in  order  to  define  so 
accurately  and  carefully  the  shape  that  they  should  follow.  The 
question  was  one  which  lent  itself  to  a  special  form  of  discus- 
sion, and  he  was  glad  that  there  were  present  at  the  meeting, 
those  who  would  be  able  to  help  in  this  matter.  He  was  sure 
that  they  would  all  thank  the  author  very  heartily  for  his 
valuable  paper. 

The  motion  was  carried  with  acclamation. 

Mr.  Archibald  Sharp  said  he  thought  that  Professor 
Smith  was  to  be  congratulated  on  having  found  something  new 
to  say  about  wheel  teeth.  He  (the  speaker)  remembered  that, 
when  he  wrote  a  paper  some  twelve  years  ago  on  wheel  teeth, 
he  was  tdd  by  a  well  known  authority  on  the  subject  that 
there  was  nothing  new  to  he  written  or  to  be  found  out  about 
wheel  teeth.  Their  old  lYiends,  the  cycloidal  wheel  teeth,  had 
been  out  of  fashion  for  some  time,  and  the  involute  form  of 
tooth  had  had  all  its  own  way,  at  least  with  macliine-cut  gear 
wheels,  but  the  point  of  closeness  of  fit,  he  had  no  doubt,  would 
be  of  great  practical  importance.  He  thought  that  it  was  a  pity 
that  the  author  in  his  paper  had  not  given  some  notion  of  the 
relative  values  to  be  placed  on  closeness  of  fit  and  other  good. 
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qualities  of  teeth.  Many  gears  which  were  every-day  things  in 
automobile  work  ran,  if  properly  treated,  for  tens  of  thousands 
of  miles  without  giving  any  indication  of  wear.  After  having 
spent  a  good  deal  of  time  on  the  mathematics  of  wheel  teeth, 
he  had  come  to  the  conclusion  that  the  shape  of  the  tooth  did 
not  matter  much,  provided  that  the  tooth  outlines  were  "  fair," 
that  the  shape  of  each  tooth  in  each  wheel  was  exactly  the  same, 
and  that  the  spacing  was  accurate.  In  his  own  paper  he  set  out 
to  design  tooth  outlines  composed  of  a  circular  arc  for  each  tooth, 
instead  of  the  four  circular  arcs  which  Professor  Smith  suggested. 
He  found  that,  if  the  radius  of  curvature  and  the  position  of 
the  centre  of  curvature  were  chosen  properly,  taking  a  13-tooth 
pinion  gearing  with  a  5  2 -tooth  wheel,  the  percentage  variation 
of  speed-ratio  was  only  0*47  of  1  per  cent.  Further,  1  per 
cent,  variation  of  speed,  with  a  tooth  of  1-inch  pitch,  corre- 
sponded to  a  deviation  from  the  true  mathematical  outline  of 
less  than  y^o o^^  P^^^  ^^  ^^  inch,  and  so,  he  thought,  any  errors 
of  velocity  ratio,  due  to  design  of  circular  wheel  teeth,  were  far 
less  than  workshop  errors  due  to  unequal  spacing  of  wheel  teeth. 
He  did  not  know  what  the  limit  of  accuracy  in  spacing  machine- 
cut  wheel  teeth  was,  but  he  had  often  wished  that  the  ISTational 
Physical  Laboratory  would  make  a  report  on  the  matter.  He 
wished  that  they  would  take  one  of  the  best  cut  gear  wheels  made, 
and  let  engineers  have  a  notion  of  the  magnitude  of  the  errors. 

It  seemed  to  him  an  injustice  had  been  done  to  involute 
teeth.  An  involute  tooth  had  a  straight  line  path  of  contact. 
They  were  at  perfect  liberty  to  choose  the  angle  of  obliquity  of 
the  path  of  contact.  In  fact,  in  all  systems  of  designing  tooth 
wheels  to  satisfy  the  condition  of  uniform  velocity  ratio,  there 
was  one  factor  which  could  be  chosen  arbitrarily.  If  they  took 
the  path  of  contact  almost  coincident  with  the  tangent,  a  very 
short  tooth  was  obtained,  and  there  would  be  a  risk  of  disengage- 
ment frpm  elastic  yielding  of  shafts  and  supports.  If  a  big 
angle  were  taken — fifteen  degrees  was  the  angle  that  had  often 
figured  in  text  books  on  the  subject — a  fairly  robust  form  of 
tooth  was  obtained.  If  they  set  out  with  the  condition  that  the 
two  tooth  outlines  should  be  circular  arcs,  the  complete  path  of 
contact  with  only  one  complete  circular  pin  on  each  wheel  was 
a  lemniscate  (a  "  figure  of  eight  "  curve),  but  the  portion  used  in 
an  actual  wheel  was  the  short  part  in  the  neighbourhood  of  the 
pitch  point,  and  that  practically  was  a  straight  line,  and  so  he 
could  not  quite  see  why  the  properties  of  involute  and  circular 
wheel  teeth  should  be  so  divergent. 

The  author  had  said,  "  The  radius  of  curvature  of  the  tooth 
outline  chjse  to  pitch  point  must  be  zero  for  maintenance  of 
uniform  velocity  ratio.  This  is  true,  whatever  shape  of  contact 
path   be   adopted.     It   means   a   theoretical   sharp   knife-edge 
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shoulder  to  the  tooth,  and  this  is  not  only  impossible  of  manu- 
facture, but  would  also  produce  extravagantly  rapid  wear."  He 
(the  speaker)  thought  that  that  was  perhaps  too  strongly  stated. 
It  was  true  that  ^vith  cycloidal  tooth  outlines  the  radius  of 
curvature  at  the  pitch  line  was  zero,  but  that  zero  curvature  only 
extended  zero  distance  along  the  face  of  the  tooth. 

With  circular  wheel  teeth  they  could  assume  three  points 
at  which  the  actual  velocity  would  be  exactly  equal  to  the 
theoretical  velocity,  so  that,  with  the  author's  four  arcs,  he, 
possibly,  was  able  to  get  that  twelve  times.  With  regard  to 
Appendix  I.,  he  (the  speaker)  found,  some  years  ago,  the  same 
difficulty  to  which  the  author  had  referred.  He  hunted  in  all 
the  books  which  he  had,  and  he  found  nothing  upon  the  point 
which  he  wanted.  He  had  discussed  the  equations  of  relative 
motion  of  two  bodies  in  contact,  on  pages  34-38  of  his  book 
*'  Bicycles  and  Tricycles." 

Mr.  J.  M.  Strachan  said  the  teeth  of  wheels  were  like  those 
things  which  people  looked  at,  and  as  to  which  they  said,  "  It  is 
a  pretty  thing ;  it  is  very  pretty,"  but,  with  regard  to  which 
they  forgot  to  go  into  that  fine  detail  which  gear  wheels  ought 
to  possess.  The  author  had  brought  forward  a  tooth,  the  shape 
of  which  resembles  one  which  Mr.  Humphris  had  been  working 
on  for  the  last  eleven  years.  Mr.  Humphris  had  found  that,  by 
making  a  circular  tooth  and  making  a  round  hole  in  a  rack,  he 
could  make  a  tooth  a  great  deal  stronger  than  the  ordinary 
machine-cut  tooth,  and  that  he  could  get  an  area  of  contact  with 
a  circular  tooth  which  seemed  almost  an  impossibility,  but  it 
was  so.  Then  Mr.  Humphris  could  run  a  6-tooth  pinion  in  a 
rack  at  a  correct  velocity  ratio,  and,  with  a  tooth  an  inch  wide, 
he  could  transmit  about  five  times  as  much  power  through  that 
thickness  of  wheel  as  he  could  with  an  ordinary  machine-cut 
tooth  on  the  Brown  and  Sharpe  formula,  which  is  quite  an 
impossibility  with  ordinary  cut  gears  with  a  smaller  number  of 
teeth  than  12  in  the  pinion.  The  contour  of  the  tooth  was  the 
same  as  the  author's,  but  it  had  a  different  shape,  the  tooth 
being  round,  or  of  an  oval  section,  the  hole  being  completely 
circular,  and  the  teeth  being  a  different  size.  The  tooth  was 
0*7  inch  of  the  pitch,  and  the  space  was  0-3  inch  of  the 
pitch.  It  was  a  hole  bored  out  in  a  piece  of  metal,  and  a  round 
tooth  was  made  to  go  into  a  hole.  It  could  be  put  in  to  the 
accuracy  of  0*001  of  an  inch,  and  it  rolled  and  slid  the  same  as 
any  other  tooth,  but  the  slip  was  much  less  than  in  an  ordinary 
tooth.  The  contour  of  the  tooth  was  the  same  as  the  lecturer's, 
only  the  sizes  of  teeth  being  different  in  relation  to  one 
another.  The  angle  of  obliquity  to  prevent  crowding  of  the 
bearings  with  a  rack  and  a  tooth  came  out  at  6  degrees  instead 
of  14^,  which  is  the  standard  Brown  and  Sharpe  tooth.     The 
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angle  of  obliquity  was  only  6  degrees  ;  and  the  number  of 
effective  contacts  was  less,  owing  to  the  teeth  being  larger. 
The  Adams  Manufacturing  Company,  of  Bedford,  made  epicyclic 
gear  boxes.  They  gave  a  great  deal  of  trouble,  because  there 
were  so  many  wheels  in  them,  and  the  planetary  wheels  had  to 
go  at  such  a  tremendous  speed  before  the  change  that  was 
wanted  could  take  place.  When  those  gear  wheels  were  set 
going  at  a  high  speed,  a  great  amount  of  loss  arose  through  the 
"  makes  and  breaks  "  that  had  to  take  place,  and  the  displace- 
ment of  the  oil.  The  teeth  had  to  force  the  oil  out  of  the  spaces, 
and,  when  this  occurred  at  an  enormous  speed,  the  resistance 
was  considerable.  If  anyone  looked  up  Grant's  book  on 
gearing,  he  would  see  that,  after  the  tooth  made  so  many 
contacts,  the  efficiency  began  to  go  down.  That  was  the  cause 
of  a  lot  of  lost  power  in  motor  cars — the  high  speed  the  fine- 
cut  gears  had  to  go.  The  gears  in  the  epicyclic  boxes  were  cut 
very  accurately.  His  firm  cut  them  to  0*0015  of  an  inch  on 
the  corrected  pitch  line.  On  placing  orders  for  quantities  of 
gears,  the  manufacturers  undertook  that  they  would  make  them 
within  0*0015  of  an  inch,  but  they  did  not  coine  anywhere  near 
that,  and  the  speaker's  firm  had  to  cut  their  own,  using  a  Brown 
and  Sharpe  gauge  to  measure  the  corrected  tooth.  Mr. 
Humphris  claimed  that  he  got  more  power  with  his  type 
of  tooth,  owing  to  the  angle  of  pressure  being  less.  When 
tooth  wheels  came  together  at  a  wide  angle,  a  great  deal  of 
rubbing  took  place,  until  they  came  down  to  the  pitch  point. 
He  had  found  that  the  cutters  made  by  the  Brown  and  Sharpe 
Company  were  very  accurate.  Measuring  all  the  way  round  on 
the  corrected  pitch  line,  it  would  be  found  that  there  was  not  as 
much  as  0*0005  of  an  inch  error. 

Mr.  F.  Humphris  said  that,  with  regard  to  ordinary  tooth 
gears,  he  had  had  an  experience  ranging  over  twenty  years  in 
manufacturing  from  the  smallest  watch-wheel  up  to  the  largest 
possible  wheel  that  had  ever  been  made,  and,  as  a  result  of  his 
experience,  he  had  found  out  that  what  the  author  had  said  that 
evening  was  absolutely  true.  He  agreed  with  the  author  in 
every  detail.  There  was  not  one  single  point  or  formula  from 
which  he  dissented.  The  only  thing  he  wished  to  say  was,  that 
the  author  had  not  gone  as  deeply  into  the  subject  as  he  would 
go  a  little  later  as  the  result  of  what  he  had  discovered  up  to 
the  present !  The  discovery  that  had  been  made  by  the  author 
was  a  discovery  which  was  priceless  to  the  engineering  world. 
The  engineering  world,  up  to  the  present  time,  had  rather 
scoffed  at  the  idea  of  changing  the  form  of  tooth  from  the 
existing  involute  form,  or  having  epicycloidal  or  cycloid al 
addendum  and  dedendum  teeth,  and  it  used  a  tooth  which  should 
have  been  abandoned  years  ago.     The  reason  why  it  should 
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have  been  abandoned  was  exactly  what  the  author  had  said, 
namely,  that  the  engaging  area  of  that  particular  tooth  must  be, 
if  it  was  theoretically  correctly  formed  and  perfect,  only  a  line 
of  contact.  The  resistance  to  abrasion  of  a  line  must  be  very 
small  indeed,  and,  if  it  were  a  knife-edge  engagement,  and  the 
teeth  were  made  of  diamonds,  they  could  not  remain  the  correct 
shape  for  a  very  great  length  of  time.  The  action  of  the  teeth 
of  wheels,  or  the  action  of  one  tooth  upon  another,  was  an 
action  of  sliding  contact  the  whole  of  the  time,  excepting  at  the 
moment  when  the  tooth  passed  the  pitch  point ;  and,  as  a  result 
of  that  sliding  action,  if  the  teeth  are  constructed  in  accordance 
with  Professor  Smith's  design,  the  greater  the  area  became,  the 
more  lasting  and  the  more  nearly  perfect  the  tooth  would  be, 
and  the  better  would  it  receive  the  lubricant  and  remain  in 
shape.  Mr.  Archibald  Sharp  had  spoken  with  reference  to  the 
ordinary  form  of  tooth  gear  and  the  life  of  a  particular  wheel 
in  a  motor  car.  If  the  wheel  had  been  made  from  the  material 
engineers  had  fifteen  to  twenty  years  ago,  that  wheel  would  not 
have  stood  the  load  for  three  weeks ;  it  would  not  stand  a 
thousand  miles  running.  The  metallurgist  had  come  to  the  aid 
of  the  engineer,  who  had  been  too  lazy  or  indifferent  to  turn  his 
mind  to  the  important  matter  of  wheel  transmission,  and  he 
had  brought  out  something  which  had  made  it  possible  for  the 
engineer  to  run  a  motor  vehicle  at  all.  The  ordinary  motor 
omnibus  was  simply  a  box  of  mystery,  and  a  snorting,  grunting 
leviathan  which  Avas  thrown  together  and  manufactured  by 
people  many  of  whom  should  not  claim  to  be  engineers.  If  the 
author's  form  of  teeth  were  fitted  into  one  of  the  vehicles  which 
he  had  mentioned,  the  result  would  be  a  more  silent  vehicle  and 
a  far  more  durable  transmission.  The  truth  of  that  statement 
would  be  evident  to  any  engineer  who  had  ever,  in  any  way, 
studied  the  form  of  tooth  gears,  and  to  anyone  who  had  gone 
further,  and  studied  the  sliding  action  of  two  surfaces  one  upon 
another. 

As  to  the  materials  used  at  the  present  time  in  the  ordinary 
motor  cars  which  made  it  possible  to  run  them — and  he  particu- 
larly emphasised  the  point — if  Professors  Willis  and  Unwin  and 
others  who  had  made  it  their  business  to  design  and  work  out 
the  form  of  tooth  wheels  or  teeth,  or  odontoids,  had  had  those 
materials,  it  would  have  been  possible  to  design  teeth  very  much 
smaller  than  the  existing  teeth  used  in  the  motor  vehicle  of 
to-day.  He  would  like  to  state  how  the  material  was  really 
found.  The  facts  were  not  generally  known  even  to  the  en- 
gineering world.  When  motor  vehicles  were  first  made,  the 
most  difficult  part  of  the  whole  design  lay  in  the  fact  that  they 
were  too  heavy,  and  the  amateur  condemned  the  motor  vehicle 
on  the  ground  of  its  weight,  and  also  upon  the  ground  of  its 
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noise,  and  that  it  was  always  breaking.  That  was  before  the 
high  grade  steels  were  invented,  and  when  ordinary  material 
was  used.  It  was  then  found  necessary  to  put  in  very  large  and 
wide  teeth.  The  agents  dealing  in  motor  vehicles  were  con- 
tinually drumming  it  into  the  manufacturers  that  their  material 
was  no  good.  As  a  matter  of  fact,  it  was  not  so  much  the 
material  as  the  design  ;  but  the  manufacturer  at  that  time,  still 
being  ignorant,  and  thinking  that  it  was  his  material,  spoke  to 
the  people  who  supplied  him  with  the  steel,  and  they,  in  turn, 
endeavoured  to  find  a  material  which  should  give  better  results. 
What  did  all  this  come  to  ?  It  simply  brought  us  to  this  one 
point,  that,  if  we  had  a  tooth-wheel  such  as  Mr.  Sharp  had 
referred  to,  which,  in  conjunction  with  other  wheels  in  the 
gear-box,  would  run  ten  thousand  miles,  having  the  ordinary 
involute  form  of  tooth,  but  being  made  of  the  highest  grade 
nickel  chrome  steel — if  that  wheel,  then,  would  run  ten  thousand 
miles,  and  show  no  signs  of  wear,  that  was  no  proof  whatever 
that  the  gear  was  an  efficient  one,  and  it  established  no  claim 
whatever  that  the  ordinary  gear  was  something  of  which 
engineers  could  be  proud.  To  simply  stick  to  an  old  form  of 
tooth  because  it  had  been  used  by  our  grandfathers,  and  to  main- 
tain that  that  form  of  tooth  was  right,  was  simply  ridiculous. 
It  was  with  the  greatest  degree  of  pleasure  that  he  had  come 
to  the  meeting  to  listen  to  the  author's  very  able  paper.  The 
paper  clearly  showed  that,  to  those  who  would  only  open  their 
ears  and  be  prepared  to  receive  the  valuable  matter  which  the 
author  had  given  them,  it  was  possible  to  improve  the  ordinary 
form  of  tooth.  Many  people  were  rather  inclined  to  scoff  at  the 
idea  that  it  was  possible  to  improve  the  ordinary  form  of  tooth- 
gear,  and  it  required  a  person  with  more  than  ordinary  courage 
to  come  and  claim  that  he  could  improve  the  ordinary  tooth- 
gear.  Many  were  inclined  to  listen  to  a  lecture,  and  say,  "  I 
think  nothing  of  it "  ;  but,  as  a  person  who  had  had,  possibly, 
more  practical  experience  in  tooth-gears  than  many  men  of  his 
age — and  he  might  mention  that  he  was  formerly  the  second 
engineer  for  the  Brown  and  Sharpe  Manufacturing  Company  in 
the  States,  where,  it  might  be  guessed,  he  had  had  a  great  ex- 
perience in  tooth  wheels — he  could  honestly  say  that  the  paper 
of  Professor  Smith,  and  the  statements  which  he  made  in  the 
paper  with  reference  to  the  curves  of  his  teeth,  and  the  values 
which  he  obtained  from  them,  were  the  most  valuable  informa- 
tion which  it  had  ever  been  his  pleasure  to  gather. 

Professor  D.  S.  Capper  said  that,  with  Mr.  Sharp,  he 
might  say  that  he  had  come  to  the  meeting  to  learn  and  not  to 
teach.  Whenever  the  author  spoke  or  wrote,  he  always  said 
something  which  worried  the  brains  of  engineers  for  a  considerable 
time  afterwards.     He  was  sometimes  not  quite  easy  to  under- 
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Stand,  to  begin  with,  but  one  found  that  the  deeper  one  went  the 
more  information  one  got.  He  was  in  the  condition  that  he  had 
just  had  his  first  look  at  the  paper,  and  that  meant  he  was 
in  the  position  of  some  bewilderment,  but  he  hoped  that  in  the 
future  that  state  would  develop  into  mature  and  perfect  admira- 
tion. He  was  entirely  convinced  by  what  the  author  had  said, 
and  what  Mr.  Humphris  had  said,  of  the  fact  that  engineers 
could  improve  enormously  in  the  matter  of  the  design  of  wheel 
teeth.  He  should  like,  as  he  was  sometimes  accused  of  being  a 
theoretical  man,  to  speak  upon  the  practical  side  of  the  question. 
It  seemed  to  him  that  at  the  root  of  the  whole  matter  lay  the 
question,  "  With  what  degree  of  accuracy  could  any  form  of 
tooth  be  made  which,  theoretically,  was  the  right  one ;  or  how 
nearly  could  they  in  practice  arrive  at  a  theoretical  form  of 
tooth  ? "  It  seemed  to  him  that  the  theory  had  gone  far  too 
much  on  the  assumption  that  to  carry  mathematical  accuracy  to 
its  logical  conclusion  was  the  sole  aim  of  investigation ;  whereas 
the  real  aim  was  to  see  how  far  a  form  of  tooth  could  be  evolved 
which  would  meet  the  requirements  of  the  practical  man.  The 
point  made  in  one  particularly  pregnant  passage  in  the  paper, 
where  the  author  stated  that  exactness  of  pitch  was  more 
important  that  correctness  of  form,  was  one  which  was  so 
constantly  overlooked,  that  really  one  was  almost  tempted  to  say 
that  that  was  the  pith  of  the  whole  paper. 

With  regard  to  what  Mr.  Humphris  had  said  as  to  improved 
material,  he  (the  speaker)  wanted  to  know  how  they  were  going 
to  get  accuracy  of  pitch  with  that  improved  material,  because  it 
was  well  known  that,  do  what  they  would  with  hardened  steel 
wheels — they  might  make  the  pitch  and  the  shape  as  perfect  as 
they  liked — if  they  had  afterwards  to  harden  the  wheel  the 
shape  was  not  the  same  afterwards.  He  knew  that  grinding 
could  be  resorted  to,  but  that  added  enormously  to  the  cost. 

It  seemed  to  liim  that  no  amount  of  care  and  skill  would  be 
wasted  which  would  brin^^  to  them  the  transcendent  achievement 
that  they  could  get  a  gear  which  could  be  accurately  and  cheaply 
made.  That  was  the  essence  of  the  whole  thing.  It  was  no 
good  paying  50/.  for  a  small  gear  to  be  fitted  to  a  10/.  machine. 

Mr.  R.  W.  A.  Brewer  said  he  did  not  think  that  the  waste 
and  wear  had  been  much  touched  upon.  It  was  very  evident 
that  the  use  of  gear  wheels  was  most  important  in  motor-car 
work — in  fact,  the  most  important  and  the  most  unsatisfactory 
part  of  a  motor  car.  Professor  Capper  had  pointed  out  that  it 
was  necessary  that  a  gear,  whilst  being  good,  should  be  cheap 
and  light.  A  point  which  had  not  been  enlarged  upon  was  the 
silence  of  gears,  and  in  a  motor  gear  it  was  very  easy  to  discover 
whether  the  gear  was  going  to  be  silent  or  not.  He  thought 
that  it  was  a  most  important  point  that  the  number  of  teeth 
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which  came  into  contact  per  unit  of  time  should  be  kept  low. 
One  noticed,  with  regard  to  motor  'buses,  for  instance,  and 
generally  with  regard  to  the  productions  of  the  De  Dion  firm, 
where  the  teeth  ran  at  a  very  high  peripheral  speed,  that  the 
noise  was  most  objectionable.  In  cases  where  several  kinds  of 
gear  were  in  mesh  at  one  time,  if  there  were  any  back-lash 
between  the  teeth,  there  were  two  or  more  notes  set  up,  which 
were  at  the  root  of  the  noise  trouble  in  gear-boxes.  With  an 
engine  running  at  a  thousand  revolutions  a  minute,  and  24 
teeth  on  the  primary  shaft  gearing  into  48  on  the  secondary, 
two  notes  were  obtained,  namely,  the  middle  G,  which  corre- 
sponded to  400  teeth-contacts  per  second,  and  the  lower  C  on 
the  middle  octave,  which  corresponded,  roughly,  to  250  teeth 
contacts  per  second,  when  30  teeth  on  the  secondary  shaft  gear 
into  30  teeth  on  the  driven  shaft.  Those  notes  were  reasonably 
low,  but,  with  higher  engine  speeds  than  a  thousand  revolutions 
a  minute,  and  with  larger  wheels,  if  the  gear  were  not  very 
carefully  designed,  objectionable  notes  would  be  produced. 
Many  devices  had  been  brought  out  in  order  to  reduce  the  note  ; 
but  the  note  still  remained,  and  he  thought  that  it  ought  to  be 
the  object  of  designers  to  keep  down  the  number  of  teeth  per 
unit  of  time  which  came  into  contact.  He  had  brought  some 
gears  which  would  show  one  or  two  rather  interesting  points. 
One  was  a  point  which  he  had  noticed  with  regard  to  the  gears 
which  were  in  use  on  the  Central  London  Eailway  and  on 
tramways,  namely,  the  very  clear  marking  on  the  face  of  the 
teeth  which  indicated  the  positions  of  the  teeth  when  the 
next  tooth  came  into  contact.  In  one  particular  set  of  gears  it 
could  be  seen,  by  careful  examination,  that  the  tooth  came  into 
contact  at  certain  positions  on  the  tooth  face,  and  those  positions 
were  marked,  because  the  teeth  were  polished.  On  the  single 
reduction  gear  on  the  Central  London  Eailway  there  would  be 
seen  three  marks  across  the  tooth  faces,  which  represented  the 
positions  of  the  tooth  when  the  next  following  tooth  came  into 
gear.  That  clearly  showed  the  hammering  action  which  took 
place,  and  which  produced  the  noise.  The  gears  shown  were 
made  some  four  years  ago.  The  distances  travelled  which  he 
was  going  to  quote  represented  only  the  car  distances ;  they  did 
not  represent  the  work  which  had  been  done  by  the  teeth.  The 
top-speed  pinion  teeth  had  run  45,000  miles,  and  the  tool  marks 
were  still  on  them.  The  sliding  train  had  run  about  40,000 
miles,  and  the  top  shaft  had  run  25,000  miles.  The  large  set  of 
gear  wheels  on  the  end  of  the  shaft  had  run  continually  in  mesh 
with  the  top-speed  pinion  gear  wheels  shown.  Those  teeth  had 
been  continually  in  mesh  with  one  another.  The  result  was 
that  there  was  no  sign  of  wear  upon  them.  The  wheels  were 
almost  of  equal  diameter.     His  point  was,  that  those  that  had 
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not  been  continually  in  mesh,  viz.  the  next  train  of  wheels, 
showed  considerable  signs  of  wear,  and  the  smaller  pinion 
showed  more  wear  still.  The  sum  of  the  total  work  on  the 
sliding  train  was  borne  by  the  wheels  continually  in  mesh, 
yet  these  did  not  show  any  signs  of  wear  at  all.  He  attributed 
that  fact  to  the  vibrations  which  had  been  set  up  in  the  small 
shaft  which  had  thrown  the  teeth  out  of  their  true  pitch  from 
time  to  time.  There  was  another  point  in  connection  with  the 
shaft.  The  wear  that  had  taken  place  there,  was  due  to  a 
hammering  action.  As  far  as  he  could  see,  it  was  not  due  to 
any  sliding  of  the  teeth  one  upon  another.  Those  teeth  had 
failed  by  the  faces  of  the  teeth  crushing.  He  had  run  shafts 
where  the  teeth  had  shown  another  form  of  failure  due  to 
sMing,  and  the  wear  had  taken  place  until  the  teeth  themselves 
were  as  thin  as  a  sixpence.  What  happened  when  they  did 
finally  fail  was  that  all  the  teeth  bent  right  over.  Xo  tooth 
broke.  One  speaker  had  pointed  out  the  great  waste  of  power 
which  took  place  owing  to  the  oil  being  squeezed  out  between 
the  teeth  which  came  into  gear  at  high  rates  of  revolution. 
He  was  at  the  present  time  designing  a  machine  for  testing 
that,  and  he  hoped  that,  when  the  machine  was  fixed  and 
working,  he  should  test  a  great  number  of  gears  and  a  great 
number  of  differences  of  gear  ratio,  and  he  hoped  to  get  some 
satisfactory  results. 

Mr.  C.  T.  Alfred  Hanssen  said  his  experience  had  been 
chiefly  with  heavy  gearing,  such  as  is  used  for  driving  pumps 
from  the  older  type  of  beam  engine,  for  brick  and  peat  ma- 
chinery, etc.  In  such  gearing,  which  transmits  considerable 
power  at  low  speed,  the  forces  on  the  teeth  are  large,  and  it 
was  therefore  necessary  to  make  the  face  of  the  wheels  very 
wide  in  order  to  get  sufficient  strength.  In  such  gearing  he 
had  found  one  of  the  greatest  difficulties  was  to  get  the  shafts 
quite  parallel,  so  as  to  avoid  unequal  wear  on  the  teeth ;  and, 
however  much  care  was  taken  during  the  erection  of  the 
machinery  to  get  the  shafts  and  wheels  to  run  true,  he  had 
always  found  that  they  did  not  remain  so  very  long,  but 
that  the  teeth  would  wear  unequally,  either  on  one  side  or 
on  the  other.  In  gearing  for  motor  cars  this  probably  was 
less  noticeable,  just  because  the  shafts  were  mounted  in  a  rigid 
iron  or  steel  box,  and  therefore  could  be  made  almost  absolutely 
parallel,  but  also  because  the  face  of  the  wheels  was  very  narrow. 

He  therefore  thoucrht  the  author's  investis^ations  of  crreat 
importance,  as  it  would  enable  .engineers  to  design  stronger 
teeth,  and  tlierefore  make  the  face  of  heavy  gearing  much 
narrower  than  they  liad  been  formerly ;  and  if  at  the  same  time 
the  noise  of  the  gearing  could  be  reduced,  he  thought  that 
engineers  would  owe  a  debt  of  gratitude  to  the  author. 
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Mr.  Henry  Hutchings  said  that  the  last  speaker  had 
spoken  about  the  gearing  of  shafts  not  parallel  and  teeth  not 
running  true  together,  very  often  giving  only  a  point  contact. 
It  was  a  matter  of  impossibility  to  get  a  pinion  and  a  bevel 
wheel  absolutely  theoretically  correct,  however  carefully  they 
were  cut.  They  never  worked  true,  on  account  of  the  bearings 
having  at  least  a  thousandth  slackness.  Spur  wheels  were  prac- 
tically only  line  contact  on  the  teeth  with  the  ordinary  shape. 
With  regard  to  Mr.  Humphris'  circular  tooth,  it  could  be  proved 
that  it  gave  an  absolutely  perfect  motion,  so  that  there  was 
a  surface  of  contact  the  whole  time.  The  slip  was  considerably 
reduced  with  a  circular  tooth  in  a  circular  hole.  For  instance, 
with  a  6-tooth  pinion  on  the  involute  system,  it  was  practically 
impossible  for  it  to  be  made  to  work.  Compared  with  a 
circular  tooth,  it  had  90  per  cent,  of  actual  slip.  With  the 
circular  tooth  pinion  working  into  about  40  or  50  holes,  the 
slip  would  be  reduced  about  20  or  25  per  cent.  If  any  one  had 
not  heard  of  the  system  before,  it  would  pay  him  to  give 
Mr.  Humphris  a  visit,  and  see  the  actual  tooth  itself.  A  car 
before  the  gear  was  put  in  did  only  about  35  miles  upon  the 
level  road,  but  it  would  now  do  over  50,  which  was  a  fair, 
actual,  practical  proof  that  the  amount  of  friction  per  pinion 
revolution  was  reduced  considerably. 

Mr.  E.  G.  Beaumont  said  that  the  paper  was  one  which 
certainly  required  very  careful  reading  if  the  reader  was  to 
appreciate  it  properly.  He  would  like  to  ask  what  improve- 
ment was  to  be  expected  from  gears  made  to  finer  limits  of 
accuracy  than  those  made  upon  the  present  well-known  methods. 
Some  had  said  that  the  gears  as  now  made  admittedly  wore 
well.  That  he  knew  from  observation  and  from  experience. 
Others  remarked  that  under  certain  well-known  conditions  they 
were  silent.  One  of  the  speakers  had  referred  to  one  well-known 
cause  of  gear-noise,  and  that  was  the  high  rate  of  make  and 
break  of  contact  of  teeth.  If  the  teeth  wore  well  and  were 
silent,  or  so  nearly  silent  as  to  satisfy  the  requirements,  the 
question  remained  as  to  how  much  improvement  could  be 
effected  in  the  efficiency  of  transmission.  He  did  not  know 
whether  the  author  or  Mr.  Humphris  had  made  experiments 
to  ascertain  what  the  efficiency  of  their  gears  was,  or  how 
far  they  were  able  to  show  an  improvement,  if  any,  over  gears 
made  to  the  well  known  Brown  and  Sharpe  form,  for  instance. 
There  had  been  references  to  gears  made  to  fine  limits  of  accu- 
racy and  showing  velocity  variations  that  were  extremely  small. 
He  would  venture  to  suggest  with  regard  to  wheels  made  to 
these  finest  limits,  that  the  oil  film  between  the  teeth  would 
equalise  the  irregularities,  and  did,  in  fact,  do  so.  The  gears  to 
which  almost  everyone  in  the  discussion  had  made  reference, 
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namely,  those  very  fine  gears  used  for  motor  car  transmission 
gearing,  ran,  under  the  best  conditions,  with  copious  lubrication, 
certainly  a  minimum  of  10,000  miles,  when  the  wheels  were 
well  carried  on  properly  supported  spindles,  and  after  that  term 
of  service  they  showed  no  appreciable  signs  of  wear ;  they  were 
merely  polished.  That  suggested  that  the  loss  in  transmission 
at  the  wheels  themselves  must  be  very  small.  There  had  been 
some  tests  made  which  went  to  show  that  the  loss  in  spur- 
gearing  was  remarkably  small,  and  from  considerations  of  cost 
alone,  modification  which  involved  machinery  that  must  be  of 
much  greater  accuracy  to  be  capable  of  turning  out  work  that 
was  much  more  accurate  than  that  which  now  obtained,  was  not 
likely  to  become  general.  It  had  been  remarked  that  the  area 
of  contact  for  certain  teeth  was  greater  than  in  others,  and  that, 
with  some  forms  of  gear,  iu stead  of  there  being  merely  line  con- 
tact there  was  surface  contact ;  but  he  thought  that  with  gears 
as  now  made  and  used,  the  question  of  area  contact  was  of  less 
importance  than  duration  of  contact.  He  would  refer,  for  in- 
stance, to  the  beha\'iom'  of  modern  worm  gearing  as  used  for 
light  fast  veliicles  and  heavy  industrial  vehicles.  Many  present 
knew  what  the  formation  of  thoroughly  well  made  worm  gears 
now  was,  and  although  there  was  only  line  contact,  or  little 
more  than  line  contact,  at  very  high  rubbing  speed,  yet,  as  long 
as  the  lubricant  remained  in  the  gear  there  was  no  appreciable 
wearing,  but  if  the  lubricant  failed  the  gear  was  soon  ruined. 
That  was  an  objection  which  could  be  applied  against  worm 
gearing  as  compared  with  spur  gearing.  Mr.  Strachan  had 
referred  to  gearing  made  to  very  fine  limits  of  accuracy,  he 
believed  •  0015  of  an  inch.  He  (the  speaker)  thought  that  in 
quoting  that  in  connection  with  epicyclic  gearing  he  was  giving 
tlie  strongest  objection  to  that  form  of  gear.  If  that  extremely 
fine  degree  of  accuracy  were  required,  and  required  to  be  main- 
tained in  service,  it  was  time  to  use  a  different  type  of  gear 
which  could  be  used  conveniently  without  the  necessity  of 
working  to  those  fine  limits,  because,  with  wheels  made  as  nicely 
as  they  now  were,  and  running  as  well  as  they  did  when  the 
parts  were  new,  it  l)ecame  more  important  to  consider  how  the 
spindles  miglit  be  stiftened,  or  strengthened,  or  made  of  better 
form,  and  how  bearings  might  be  made  more  durable.  He 
thought  that  when  attention  was  given  to  those  points  it  would 
be  time  to  consider  the  infinitesimal  improvements  that  might 
be  made.  As  had  been  already  stated  accuracy  of  pitch  was  of 
primary  importance,  and  very  precise  formation  of  tlie  tooth  face 
of  secondary  importance.  He  would  like  to  censure  Mr.  Hum- 
phris  mildly  for  his  reference  to  the  modern  motor  car  as  a  l>ox 
of  mystery.  He  did  not  agree  with  him.  It  was  not  a  box  of 
mystery,  nor  was  it  a  snorting,  growling  kn'iathan.     It  was  a 
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question  of  how  the  thing  was  used  and  how  it  was  maintained. 
They  did  certainly  meet  with  examples  which  fitted  the  descrip- 
tion which  he  gave  to  them,  but  he  thought  that  Mr.  Humphris 
should  extend  a  little  sympathy  to  them  as  ill-used  things. 

Correspondence. 

Mr.  C.  H.  Wingfield  wrote,  saying  he  did  not  think 
Professor  Smith  had  explained  the  application  of  his  system 
sufficiently  clearly  to  enable  anyone  to  design  wheel  teeth  on 
his  principles  without  a  great  deal  of  trouble.  As  far  as  he 
could  see,  the  paper  did  not  take  a  specific  case  such  as  the 
design  of  a  set  of  4-inch  pitch-teeth,  and  explain  each  step  in 
succession. 

Mr.  A.  Marsden  wrote,  saying  that  there  was  a  point  on 
which  he  wished  to  ask  the  author's  opinion.  This  was  nearly 
reached  during  the  discussion,  when  the  involute  and  cycloidal 
curves  were  mentioned.  Mr.  Brewer  exhibited  a  set  of  motor 
car  gear-wheels  which  had  run  a  considerable  number  of  miles 
without  appreciable  wear,  and  had  pointed  out  that  the  pair  of 
wheels  always  in  mesh  were  less  worn  than  those  only  occasion- 
ally in  mesh.  The  pressure  on  the  ''  always  in  mesh "  pair 
dej^^rends  upon  whether  they  are  used  as  a  first  reduction  or 
second  reduction,  i.e.  whether  they  are  situated  at  the  front  or 
back  of  the  gear-box.  What  he  (Mr.  Marsden)  wished  to  point 
out  was  that  the  '^  always  in  mesh "  pair  were  situated  quite 
close  to  a  bearing,  and  consequently  were  in  the  best  position  to 
transmit  the  power  they  have  been  designed  for ;  practically  the 
only  factors  to  cause  trouble  being  the  wear  on  the  bearings  and 
the  wear  on  the  teeth. 

With  the  sliding  gears  the  case  was  different,  as  the  sleeve 
carrying  the  gear  was  generally  somewhere  along  the  shaft  and 
unsupported  by  any  bearing  nearer  than  those  in  the  ends  of 
the  gear-box,  so  that  even  supposing  the  wheel  centres  could  be 
oVjtained  with  tolerable  accuracy,  it  was  a  state  of  things  which 
did  not  prevail  very  long  in  use.  Taking  the  "  always  in  mesh" 
paii\  The  pressure  during  approach  of  the  teeth  caused  the 
bearmgs  to  wear,  and  the  pitch  circles  to  be  out  of  contact  by 
the  amount  of  wear  of  the  two  bearings.  In  the  sliding  gear 
the  same  tiling  applied,  with  the  addition  that  at  the  fixed 
reduction  end  the  distance  was  further  increased  by  the  wear 
between  the  spigot  end  of  the  shaft  and  the  socket  bearing  inside 
the  fixed  reduction  pinion.  In  addition  to  this  there  was  the 
wear  between  the  sleeve  and  its  shaft  also,  so  that  what  may 
have  been  an  initially  good  mounting,  tended  to  become  other- 
wise owing  to  the  shafts  becoming  out  of  parallel  as  well  as 
further  apart. 
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It  seems,  therefore,  that  despite  the  greater  obliquity  of 
thrust  in  involute  as  compared  with  cycloidal  forms  of  teetli,  the 
involute  was  the  only  form  possible  under  the  circumstances. 
A\^ien  it  is  remembered  how  accurate  the  centres  of  "  cycloidal " 
wheels  must  be  kept  in  order  to  avoid  irregular  angular  velocity, 
and  consequently  noise,  and  compare  this  with  the  amount  of 
wear  which  may  be  allowed  with  involute  forms,  the  balance 
certainly  seemed  to  be  with  the  latter. 

Taking  wheels  of  say  0  •  5  inch  pitch,  and  assuming  that  the 
bearings  have  worn  owing  to  obliquity  of  thrust  until  then- 
centres  were  ^^  inch  or  0*062  inch  further  apart.  The  pitch 
circles  of  the  fixed  reduction  would  thus  be  this  amount  out  of 
"  contact,"  and,  as  the  spigot  bearing  of  the  shaft  carrying  the 
sliding  sleeve  would  probably  have  worn  an  amount  equal  to  the 
end  bearings,  the  distance  apart  of  pitch  circles  in  sliding  gear 
nearest  this  end  would  be  '093  inch,  which  reduced  the  depth 
in  mesh  quite  a  large  amount  as  compared  with  the  pitch.  This 
was  where  the  involute  form  scored  over  the  cycloidal  form  in 
small  pitches  for  motor  car  work.  With  large  pitches  of  say 
3  inches,  the  above  wear  would  be  almost  ne^dic^ible.  As  strain 
must  be  co-existent  with  stress,  there  was  a  very  cogent  reason 
for  the  different  lines  of  wear  mentioned  by  one  speaker,  and 
also  the  "  makes  and  breaks "  mentioned  by  another.  One 
had  only  to  imagine  the  teeth  to  be  made  of  rubber  in  order  to 
have  a  good  idea  of  the  difference  in  pitch  between  a  paii'  of 
teeth  engaging  and  a  pair  just  going  to  engage,  the  tendency 
being  for  the  pitch  to  decrease  between  a  driver  tooth  and  a 
"  just-going-to-drive  tooth "  on  the  driving  wheel,  while  the 
pitch  tended  to  increase  in  the  similar  position  of  the  driven 
wheel,  and  as  the  load  was  distributed  according  to  the  number 
of  contacts,  the  alterations  in  strain  consequent  on  this  could 
often  be  traced  in  gear  wheels. 

In  view,  therefore,  of  the  admitted  disadvantages  which 
heavily  stressed  small  pitches  labour  under,  it  would  be  very 
instructive  if  Professor  Smith  would  give  his  opinion  on  how 
far  out  of  pitch  circle  contact  wheels  with  his  improved  tooth 
forms  might  be,  wichout  being  unduly  noisy  and  inefficient. 
Necessity  for  very  great  accuracy  may  make  smaller  obliquity 
of  thrust  when  new,  too  costly  for  commercial  purposes  in  small 
wheels. 

Eeply. 

Professor  H.  Smith,  in  reply,  said  that  there  was  one  point 
which  he  forgut  to  put  down  in  the  paper.  He  referred  to  his 
belief  in  the  utility  of  very  large  fillets  at  the  roots  of  the  teeth, 
and  in  large  bottom  clearance.     He  believed  in  a  short  tooth 
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above  the  pitch  line,  but  not  in  a  very  short  tooth  below  the 
pitch  line.  The  large  bottom  clearance  gave  an  opportunity  for 
a  very  large  radius  of  hllet  connecting  the  root  to  the  bottom 
of  the  fjap.  If  full  use  was  made  of  this  opportunity  it  enor- 
mously" increased  the  strength  of  the  tooth.  He  quite  agreed 
with  what  Mr.  Humphris  had  said  about  the  improvement  of 
the  material  being  one  great  cause  of  the  improvement  that  had 
taken  place  in  gearing  during  recent  years,  and  he  certainly 
thouo"ht  that  it  was  an  omission  that  he  had  made  no  reference 
to  this  in  the  paper.  The  better  material  not  only  gave  a 
greater  strength,  but  it  gave  also  reduced  weight.  He  agreed 
ac^ain  with  Mr.  Humphris  that  there  was  a  great  deal  more  to 
be  considered  with  regard  to  the  detail  of  the  design  of  tooth- 
w^heels  than  he  had  been  able  to  deal  with  in  this  paper  for 
want  of  space  and  because  the  aim  of  the  paper  was  restricted 
to  one  aspect  only  of  the  manufacture  of  gearing.  He  wished 
to  confess  to  some  partial  sympathy  with  a  remark  made  by 
Mr.  Archibald  Sharp  to  the  effect  that  the  shape  of  the  tooth 
did  not  matter  very  much.  Without  going  that  length,  he  had 
devoted  a  considerable  portion  of  the  paper  to  expressing  his 
opinion  that  the  exact  pitching  from  tooth  to  tooth  was  _  more 
important  than  the  correct  shaping  of  the  tooth.  If  engineers 
were  at  liberty  to  choose  any  shape  of  path  of  contact,  the 
results  would  not  be  greatly  different,  but  for  different  numbers 
of  teeth  they  must  keep  to  one  path  of  contact.  He 
could  show,  by  tracings,  the  enormous  difference  between 
shapes  that  did  not  look  to  the  eye  to  be  very  greatly 
different.  With  regard  to  what  Mr.  Sharp  had  said 
with  reference  to  involute  teeth  being  derived  from  the  near 
crossing  portions  of  double-looped  contact-paths,  he  would  say 
that,  if  Mr.  Sharp  would  read  Mr.  Edward  Sang's  book,  he 
would  find  quite  a  large  number  of  different  double-looped 
curves,  called  by  Mr.  Sang  hour-glass  curves,  kemends,  and 
modified  hour-glass  curves,  and  so  on,  discussed,  and  their 
possibilities  investigated.  Mr.  Sharp  had  said  that  the  angle 
of  the  straight  line  path  of  contact  of  the  involute  might  be 
anything  or  nothing  up  to  15  degrees;  but  there  he  forgot 
one  point.  He  forgot  Brown  and  Sharpe,  and  he  forgot  the 
evil  which  had  been  accomplished  in  this  particular  section 
of  engineering  by  over-standardisation.  The  difficulty  in 
getting  any  improvement  in  the  shape  of  teeth  introduced  lay 
in  the  fact  that  the  Brown  and  Sharpe  teeth  were  used  all  over 
the  world,  and  nobody  could  be  persuaded  to  use  anything  else, 
simply  because  Brown  and  Sharpe  had  set  the  standard  all  over 
the  world,  and  were  prepared  to  send  out  at  a  moment's  notice 
duplicates  of  any  wheel  that  had  been  broken.  In  this  standard 
form  of  involute,  there  was  no  variation  of  angle,  it  was  a  very 
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much  too  large  angle,  in  his  own  opinion — which  fact  meant 
a  great  deal  of  stress  on  the  bearings.  Mr.  Sharp  had 
referred  to  what  he  called  circular  arc  teeth.  This  was  an 
outline  made  by  one  sweep  of  a  circular  arc  covering  both  face 
and  flank.  That  led  him  to  admit,  that  the  present  was  the 
third  time  in  his  life  in  which  he  had  gone  through  the  subject 
from  the  root  up  to  as  high  a  branch  as  he  could  reach  at  the 
time  of  each  successive  investigation.  At  one  time,  about  30 
years  ago,  perhaps,  he  was  greatly  taken  with  Mr.  Sharp's  idea 
of  using  one  circular  arc  from  top  to  flank,  because,  as  he  had  tested 
for  himself,  it  did  give  a  very  small  variation  of  velocity  ratio ; 
but  it  was  perfectly  evident  that,  if  that  class  of  tooth  were 
adopted,  there  must  be  a  convex  surface  working  against  a 
convex  surface,  and  the  whole  gist  of  the  present  new  proposal 
was  always  to  get  a  convex  surface  working  into  a  concave 
surface  with  the  difference  of  the  two  radii  of  curvature  of 
those  two  surfaces  as  small  as  possible.  Of  course,  the  work- 
ing of  a  convex  surface  against  a  convex  surface  was  a  direct 
negation  of  that  idea.  Again,  it  was  very  fascinating  indeed 
to  try  what  could  be  done  with  two  circular  arcs,  one  sweeping 
out  the  face  and  going  a  little  below  the  pitch  line,  and  another 
serving  for  the  flank.  The  face  arc  needed  to  go  very  little 
below  the  pitch  line,  and  another  concave  surface  could  be 
fitted  in  with  a  fairly  small  deviation  from  the  uniform  ratio  of 
velocity,  but  then,  again,  the  working  of  a  convex  surface 
against  a  convex  surface  could  not  be  avoided  in  passing  the 
shoulder  contact.  That  was  an  impossibility,  if  only  two  arcs 
were  used,  one  for  the  face,  and  one  for  the  flank.  As  the 
contact  at  the  shoulder  was  the  worst  place  during  the  whole 
contact  for  friction  and  wear,  he  determined  to  throw  that  idea 
aside  also.  He  congratulated  Mr.  Strachan  particularly  on  his 
phrase,  *' makes  and  breaks,"  a  phrase  meaning  the  hammer 
blows  against  which  he  (the  author)  protested  very  strongly  in 
his  paper,  and  which,  he  said,  were  much  more  deleterious 
to  the  working  of  gearing  than  any  fine  regard  for  shape.  Mr. 
Brewer  had  made  some  extremely  interesting  remarks  with 
regard  to  the  testing  of  the  gearing  in  motor  cars,  and  had 
mentioned  the  lower  C  sound  being  produced  along  with  a  G. 
He  (the  author)  thought  that  was  a  peculiarly  disagreeable 
dissonance.  A  twenty-five  thousand  mile  run  with  no  more 
wear  than  was  perceptible  upon  the  wheel  produced  was  a 
most  remarkable  performance.  He  thought,  from  the  look  of 
the  wheel,  that  it  was  due  very  largely  to  the  material  of  which 
the  wheel  was  made.  He  agreed  veiy  much  with  Mr.  Hanssen 
upon  the  futility  of  getting  good  shapes  of  teeth  and  accurate 
pitching  if  tliey  did  not  have  the  two  shafts  parallel,  because 
want  of  such  parallelism  threw  everything  wrong ;  and  it  was 
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frequently  the  cause  of  error  and  comparative  failure.  He  (the 
author)  did  not  believe  in  wide  teeth  at  all.  He  thought  that 
the  moderately  wide  tooth  was  just  as  strong  under  any  circum- 
stances as  a  very  wide  tooth.  He  agreed  with  the  statement 
that  one  very  important  feature  in  any  proposed  new  design 
was  increase  of  strength.  He  did  not  point  it  out  particularly 
in  reading  the  paper ;  but  the  printed  paper  contained  the 
statement  that  his  design  gave  a  considerably  greater  strength 
than  the  cycloidal  forms  gave.  Of  course,  if  an  extravagantly 
inclined  involute  tooth  was  used,  still  greater  strength  could  be 
obtained.  He  wished  finally  to  emphasise  one  thing  which  he 
had  inadvertently  omitted  to  state  in  his  paper,  namely,  the  fact 
that  Mr.  T.  Oldham  had  assisted  him  not  only  in  connection  with 
the  drawings,  but  also  in  the  calculations,  which  were  very 
laborious. 

In  reply  to  Mr.  C.  H.  Wingfield's  communication,  drawings 
of  specific  cases  (reduced  photographically  from  drawings  for 
4-inch  peripheral  pitch)  are  given  in  the  paper,  and  the 
numerical  data  for  many  other  specific  cases  are  given  in  the 
Table  on  page  107,  Appendix  Y. 

In  Mr.  A.  Marsden's  communication  there  is  raised  the  ques- 
tion of  how  much  the  gearing  fails  in  respect  of  uniformity  of 
velocity-ratio  when  the  distance  between  centres  is  inexact 
from  wear  at  the  bearings  or  from  bad  fitting.  This  point  has 
been  discussed  at  some  length  by  several  of  the  speakers.  The 
author  will  endeavour  to  make  an  exact  calculation  of  this 
matter,  and,  if  successful,  will  send  a  note  upon  it  to  the  Society 
later  on.  Meantime  he  may  point  out  that  the  deviation  re- 
ferred to  must  certainly  be  very  small,  and  also  that,  as  has 
been  generally  agreed  to  in  the  discussion,  minute  deviations 
from  strictly  uniform  velocity-ratio  are  not  really  of  so  great 
practical  importance  as  are  smooth,  quiet  running,  good  form  in 
respect  of  friction  and  abrasion,  and  strength. 

The  author  desires  to  express  his  regret  that,  owing  to  an 
inadvertance,  an  incorrect  and  superseded  copy  of  the  diagram, 
Fig.  9,  was  sent  to  the  printers.  The  formulae  of  Appendix  V., 
Nos.  (1),  (2),  (3),  (4),  (10),  (11),  (14)  and  (15),  which  give  the 
dimensions  shown  in  Fig.  9  are,  however,  correct,  as  also  are 
the  numerical  examples  given  in  the  Table  on  page  107. 
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JOSEPH    WELLIAM    WILSON,   President, 
IN  THE  Chair. 

THE   ENGINEERINGS    PROS  AND    CONS   OF 
THE   METRIC   SYSTEM. 

By  Arthur  H.  Allen,  A.M.I.E.E. 

W!L\T  is  the  Metric  System  ?  Why  shouhl  we  adopt  it  ? 
What  are  the  arguiiients  against  its  adoption  ^ 

Before  discussing  the  merits  or  defects  of  the  Metric  System, 
it  will  be  necessary  to  outline  very  briefly  its  origin  and  nature. 
It  is  unique  amongst  systems  of  measurement ;  for  all  others 
came  into  existence  in  a  more  or  less  haphazard  fashion,  the 
units  possessing  no  interdependence  amongst  themselves,  and 
being  based  upon  such  purely  arbitrary  standards  as,  for 
instance,  the  length  of  a  Royal  arm,  or  the  average  of  ten  men's 
feet,  whereas  the  metric  system  alone  was  deliberately  drawn 
up  with  a  view  to  combining  all  the  advantages  of  existing 
systems  with  others  that  not  one  of  them  possessed,  and  was 
introduced  into  general  use  by  the  action  of  Government,  under 
the  advice  of  scientists. 

The  system  was  devised  at  the  instance  of  the  French 
Government — 

(1)  To  take  the  place  of  the  then  existing  chaos  of  weights 
and  measures  in  France ; 

(2)  To  furnish  an  internati(mal  system  which  should  be 
least  likely  to  provoke  national  jealousy  and  opposition  ; 

(:>)  To  provide  standards  which  could  be  replaced  IVom 
Nature  if  accidentally  destroyed  or  lost ; 

(4)  To  provide  a  homogeneous  system  which  sliould  to  the 
utmost  degree  facilitate  commercial  and  industrial  transactions 
tliroughout  the  world. 

(ireat  difficulty  was  experienced  in  securing  the  a(loj)tion  of 
the  system  in  France — naturally,  because  there  did  not  then 
exist  the   inducement  which   now   obtains,  namely,  that  othtr 
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nations  were  already  using  it,  and  that  therefore  its  adoption 
would  facilitate  commerce.  On  the  contrary,  not  only  was  the 
system  new  and  untried  by  any  nation,  but  it  necessarily  inter- 
fered to  some  extent  with  international  commerce.  Nevertheless, 
success  was  attained  ;  the  system  was  adopted,  in  spite  of  all 
obstacles  both  internal  and  external,  a  fact  which  counts  strongly 
in  its  favour ;   and  it  is  now  used  throughout  France. 

The  object  mentioned  under  the  second  heading  could  only 
be  attained,  it  was  thought,  by  avoiding  the  use  of  any  existing 
unit,  and  making  the  values  of  the  new  units  entirely  different 
from  any  existing  measures.  This  was,  perhaps,  an  unfortunate 
decision,  as  it  rendered  the  change  so  much  the  more  difficult. 
There  are,  however,  strong  arguments  in  favour  of  the  course 
taken,  and  not  the  least  is  the  fact  that  the  desired  object  was 
completely  attained ;  there  has  been  no  opposition  of  any  con- 
sequence which  can  be  ascribed  to  international  jealousy. 

As  regards  the  third  heading,  it  will  be  remembered  that  the 
original  intention  was  to  make  the  metre,  the  fundamental  unit 
of  the  system,  exactly  toooVooo^^^  P^^^  ^^  ^^^^  quadrant  of  the 
meridian  that  passes  through  Paris,  and  for  this  purpose  a 
special  survey  was  carried  out.  Unfortunately,  it  has  since  been 
found  that  the  earth-quadrant  differs  slightly  in  length  from  the 
value  then  determined,  so  that  the  metre  is  incorrect  to  the 
extent  of  about  4  oVo^^^  J  however,  there  was  no  real  necessity  to 
make  the  metre  an  exact  sub-multiple  of  the  length  of  the  arc, 
and  now  that  numerous  copies  of  which  the  exact  length  is 
known  in  terms  of  the  metre  are  in  existence  in  every  civilised 
country,  the  metre  could  be  reproduced  with  certainty  from 
these  copies,  and  the  risk  of  its  destruction  is  exceedingly  remote. 
It  is  curious  to  note  that  the  most  accurate  and  permanent  natural 
standard  that  could  have  been  chosen,  and  one,  moreover,  which 
is  the  same  at  every  point  of  the  earth's  surface,  and  probably 
throughout  the  universe,  is  the  wave-length  of  light,  which  is 
of  the  order  Tooiooo^^^  ^^  ^  metre — almost  as  much  smaller 
than  the  metre  as  the  earth-quadrant  is  greater  !  The  value  of 
the  metre  in  terms  of  the  wave-length  of  the  red  radiation  of 
incandescent  cadmium,  which  has  recently  been  re-determined 
with  the  utmost  refinements  of  accuracy,  is  1,553,164 '13  ;  it  is 
thus  known  to  one  part  in  a  hundred  million,  an  astonishing 
degree  of  accuracy,  far  surpassing  that  attainable  with  the  best 
micnjmeter  microscopes.  This  value  agrees  within  one  part  in  ten 
million  with  a  determination  made  in  1893.  It  will  be  seen, 
therefore,  that  the  error  of  the  metre  with  regard  to  tlie  arc  of 
the  eartli-quadrant  is  of  no  consequence  whatever;  a  properly 
qualified  physicist,  marooned  on  an  island  in  the  middle  of  the 
Pacific  Ocean,  and  equipped  with  all  the  necessary  apparatus 
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but  without  a  single  known  unit  of  measurement,  could  in  time 
reproduce  the  metre  with  what  may  be  regarded  as  absolute 
certainty  and  accuracy. 

Measurements  such  as  that  cited  above  are  being  continually 
carried  on  by  the  International  Biu'eau  of  Weights  and  Measures 
of  Paris,  which  was  established  with  the  object  of  prosecuting 
researches  of  this  kind,  and  of  propagating  the  use  of  the  Metric 
System  throughout  the  world.  In  this  connection  it  is  some- 
what humiliating  to  observe  tliat  if  our  standard  yard  were 
destroyed  it  would  be  to  the  International  Bureau  that  we 
shoukl  have  to  turn  for  the  means  of  accurately  reproducing  it 
— or  at  least  to  the  results  established  by  that  Bureau — for  the 
measurements  made  under  its  aegis  are  far  superior  in  accuracy 
to  those  of  any  similar  authority. 

The  fourth  heading  opens  up  more  controversial  aspects  of 
the  subject.  It  is  claimed  that  this  object — the  provision  of  a 
universal  and  homogeneous  system  of  units  and  measurement — 
has  been  attained  in  the  main.  The  system  is  undoubtedly 
homogeneous ;  the  extreme  simplicity  of  the  decimal  notation, 
and  the  organised  interdependence  of  the  units  of  length,  surface, 
volume  and  mass  render  the  system  unique.  It  has  been  adopted 
by  every  civilised  nation  except  the  British  Empire,  the  United 
States,  and  Russia.  Denmark  is  one  of  the  last  to  adopt  it ;  by 
the  year  1910  it  will  be  compulsory  in  that  country.  Canada 
has  joined  the  Metric  Convention,  and  New  Zealand  has  passed 
an  ordinance  prescribing  the  exclusive  use  of  the  system  after  a 
date  which,  unfortunately,  has  not  yet  been  definitely  fixed.  If 
we  adopt  the  system  it  is  certain  that  the  United  States  will 
follow  suit,  and  vice  versd.  The  system  is  already  recognised 
in  the  United  States  so  far  as  pharmaceutical  measurements  are 
concerned,  and  the  British  Pharmacopoeia  gives  data  in  both 
English  and  metric  units.  All  scientific  men  use  the  Metric 
System,  and  its  use  in  chemistry  is  practically  universal ;  many 
trades,  also,  in  which  measurements  of  precision  are  necessary, 
employ  the  system.  Several  British  firms  have  adopted  it 
wholly  o«  partially  for  engineering  work,  especially  those  which 
have  a  foreign  trade,  and  the  system  is  taught  in  all  schools 
under  Government  inspection.  The  British  Colonies  have 
declared  in  favour  of  its  adoption,  but  are  waiting  for  us  to  set 
the  example ;  and  a  very  large  number  of  our  Chambers  of 
Commerce,  municipalities  and  other  public  bodies  have  urged 
its  introduction.  In  1895  a  Select  Committee  strongly  recom- 
mended the  adoption  of  the  Metric  System,  to  be  made  compul- 
sory within  two  years ;  and  in  1904  a  similar  proposal  passed 
the  House  of  Lords,  but,  like  its  predecessors,  it  was  dropped. 
It  was  brought  forward  again  in  1907,  in  the  House  of  Coiiimon.s, 
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and  defeated  by  a  small  majority.  It  is  worthy  of  note  that  on 
every  occasion  when  the  subject  has  been  inquired  into  by  a 
Parliamentary  Commission,  the  report  has  been  favourable  to 
the  adoption  of  the  system,  and  a  very  large  proportion  of  the 
Members  of  Parliament  are  avowed  supporters  of  it.  An  Inter- 
national Association  for  the  promotion  of  a  uniform  decimal 
system  of  measures  has  been  in  existence  since  1856 ;  the  work 
is  carried  on  nowadays  by  the  Decimal  Association,  of  which 
Mr.  E.  Johnson  is  Hon.  Secretary,  and  to  which  the  author  is 
indebted  for  the  Chart  exhibited. 

Before  dealing  in  detail  with  some  of  the  arguments  for  and 
against  the  compulsory  adoption  of  the  system  in  this  country, 
it  will  be  advisable  to  outline,  as  briefly  as  possible,  the  leading 
features  of  the  system. 

The  unit  upon  which  the  whole  structure  is  founded  is  the 
metre,  which  is  equal  to  1-0936  yard.  From  this  are  derived 
multiples — the  dekametre  (  =  10  m.),  the  hectometre  (  =  100m.), 
and  the  kilometre  (=1000  m.) — of  which  only  the  kilometre  is 
of  importance  as  a  rule,  though  the  other  units  are  employed 
in  certain  arts  and  sciences  (the  dekametre  by  surveyors,  for 
instance,  equals  about  two  rods,  and  the  hectometre  by  artil- 
lerists, equals  ^q  mile  or  ^  furlong).  The  kilometre  equals 
nearly  |  mile.  Smaller  units  than  the  metre  are  decimal  sub- 
multiples — the  decimetre  (  =  yo  ^^•)'  centimetre  (  =  y^o  ^-^^  ^"^ 
millimetre  ( =  f  f/o  q  ^O — °^  which  the  decimetre  is  not  much 
used.  The  centimetre  is  0  •  3937  inch,  or  about  §  ;  the  milli- 
metre is  about  2^  inch,  or  j^q  ;  and  half  a  millimetre  is  about 
the  smallest  measure  that  can  be  conveniently  used  by  eye, 
though  under  suitable  conditions  tenths  of  a  millimetre  can  be 
estimated,  as  in  using  the  slide-rule.  The  millimetre  is  the 
most  convenient  unit  for  use  in  engineering  drawings  in  con- 
nection with  manufactures. 

The  unit  of  surface  is  the  square  metre,  equal  to  1'196  or 
about  IJ  sq.  yards.  The  square  centimetre,  xooocy  ^*^h  ^©tre, 
is  the  most  used  sub-multiple,  and  the  square  kilometre, 
1,000,000  sq.  metres,  or  0-3861  sq.  mile,  the  most  ynportant 
multiple ;  the  are  is  100  sq.  metres,  and  ihe  hectare  (  =  100  ares 
=  about  2J  acres,  actually  2-471)  is  also  a  useful  unit. 

The  unit  of  volume  is  the  cubic  metre,  equal  to  1*308  cubic 
yards,  and  the  cubic  centimetre,  Tf)ooooo^^^  ^^  ^  cubic  metre, 
is  the  sub-multiple  in  common  use  (  =  0*06113  cubic  inch) 
For  fluid  measure,  the  cubic  decimetre  or  litre  is  employed 
(  =  1000  cubic  cm.  =1-761  pint,  or  about  IJ). 

The  unit  of  mass  is  the  gram,  the  mass  of  1  cubic  cm.  of 
water  at  maximum  density,  with  its  multiple  the  kilogram,  the 
mass  oC  1   litre  of  water  (  =  1000  gm.,  or  2*2046  lb.).     Other 
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multiples  in  common  use  are  the  tonne  (  =  1000  kg.),  almost 
exactly  equal  to  1  British  ton  (0*98),  and  the  quintal,  or  100  kg. 
(=  nearly  2  c\vt.\  Sub- multiples  are  the  decigram  (0*1  gni.), 
the  centigram  (O'Ol  grn.),  and  the  milligram  (O'OOl  gm.),  used 
mainly  in  laboratory  work. 

The  litre  is  commonly  divided  into  halves  and  quarters, 
corresponding  roughly  to  our  pint  and  halt-pint,  and  the  kilo- 
gram is  also  divided  into  the  half-kiloin'am,  about  1  lb.,  and  the 
quarter-kilogram,  or  ^  lb.  The  term  "  kilo  "  is  very  commonly 
applied  to  the  kilogram,  improperly,  of  course,  but  one  cannot 
control  the  "  vulgar  tongue." 

The  simple  relations  between  the  various  units  and  derived 
units  render  computations  with  the  Metric  System  a  matter  of 
the  greatest  ease.  Where  we  would  write,  say,  27  tons,  6  cwt. 
1  lb.  7  oz.,  the  user  of  the  Metric  System  can,  if  he  likes,  write, 
say,  27  tonnes,  298  kg.  746  gm.  When  we  want  to  calculate 
the  value  of  the  goods  referred  to,  at  so  much  per  lb.,  or  per 
cwt.,  or  per  any  of  the  units  named,  we  have  first  to  reduce  the 
total  quantity  to  one  denomination,  multiplying  or  dividing  by 
such  awkward  numbers  as  112  or  16 — 20  happens  to  be  less 
inconvenient,  because  it  approaches  the  decimal  system.  But 
the  metric  computer  escapes  this  process  altogether.  He  simply 
writes  down  the  figures  27298746  gm.,  or  27298*746  kg.,  or 
27*298746  tonnes— whichever  unit  he  requires.  There  is  no 
calculation  required  for  reduction.  Think  what  this  means ! 
Let  us  take  another  example,  say  5  miles,  3  furlongs,  27  poles, 
4  yards  ;  here  the  multipliers  are  8,  40,  5J(!).  The  metric  man 
writes,  say,  8  km.  423  m.  ;  and  if  he  wishes  to  carry  out  any 
computation  with  this  quantity,  he  merely  writes  8-423  km., 
or  8423  m.  What  a  saving  of  time  and  labour — and,  not  less 
important,  of  mistakes  !  As  a  matter  of  fact,  it  is  quite  super- 
fluous to  write  down  the  figures  in  the  extended  metric  form  first 
quoted  above  ;  they  are  simply  kept  in  the  terms  of  one  or  other 
unit,  and,  therefore,  often  need  not  even  be  rewritten.  What 
useful  purpose  is  served  by  splitting  up  a  quantity  into  acres, 
roods,  rods,  and  yards  ?  Why  can  it  not  be  left  in  a  single 
denomination  ?  The  answer  may  be  that  it  is  difficult  to  form 
a  mental  picture  of,  say,  17,900  sq.  yards,  while  it  is  easy  to 
grasp  the  idea  of  3*7  acres — but  if  so,  why  split  up  the  0*7  into 
a  variety  of  snjaller  units  ?  The  metric  user  has  no  such  dith- 
culty ;  if  he  thinks  in  hectares,  he  says  9*13  hectares;  but  if 
lie  would  rather  deal  with  square  metres,  he  says  91,300 
sq.  metres. 

Again,  the  simple  relation  between  the  units  of  length, 
volume,  and  mass  is  of  great  value.  Water  is  universally  em- 
ployed as  the  standard  medium  to  which  the  densities  of  solid 
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bodies  are  referred  ;  hence  the  importance  of  the  fact  that  a 
cubic  decimetre  of  water  weighs  one  kilogram,  or  one  cubic 
centimetre  weighs  one  gram.  Given  a  table  of  specific  gravities, 
the  user  of  the  metric  system  simply  multiplies  the  volume  of  a 
given  substance  by  the  specific  gravity,  and  obtains  the  mass  in 
one  operation.  We,  on  the  other  hand,  have  first  to  select  the 
unit  of  volume,  then  to  look  up  the  density  of  the  substance, 
and  to  multiply  the  volume  by  the  density  and  the  product  by 
the  mass  of  the  unit  volume  of  water.  This  involves  twice  the 
labour,  with  far  greater  liability  to  mistakes.  To  reduce  the 
labour,  we  find  in  our  so-called  pocket-books  numerous  tables, 
giving  not  merely  the  specific  gravity  of  substances — all  that  is 
required  on  the  metric  system — but  the  weight  of  a  cubic  foot 
as  well.  If  our  volume  is  in  inches,  we  have  to  remember  that 
there  are  1728  cubic  inches  in  a  cubic  foot,  and  to  divide  by 
that  awful  number.  More  often  than  not  the  volume  is  in 
inches.  But  in  many  cases  the  weight  per  cubic  foot  is  in 
pounds,  when  we  want  tons,  or  ounces,  and  vice  versa,  and  a 
further  reduction  becomes  necessary.  Again,  many  things  are 
(in  our  notation)  habitually  expressed  as  regards  one  dimension 
in  one  unit,  and  as  regards  another,  in  another  unit.  So  we 
find  tables  for  sheet-iron,  let  us  say,  giving  the  weight  of 
1  sq.  foot  by  1  inch  thick,  ^  inch  thick,  and  ^^  mch  thick ;  also 
1  foot  long  by  1  inch  square,  and  so  on,  ad  infinitum.  The 
metric  man  is  independent  of  all  these  refinements  ;  all  dimen- 
sions are  expressed  in  the  same  units  or  in  decimal  multiples  of 
them,  and  he  needs  only  one  table — the  specific  gravity  table. 
Even  to  remember  that  a  cubic  foot  of  water  weighs  62*425  lb. 
requires  an  effort.  It  is  perhaps  easier  to  remember  that  a 
cubic  foot  of  water  weighs  1000  oz.,  and  to  divide  that  number 
by  16  when  we  want  pounds.  Unfortunately  it  is  not  true; 
recent  determinations  (carried  out  by  the  International  Bureau, 
a  metric  body)  show  that  a  cubic  foot  of  water  weighs  62  •  288  lb., 
or  996  •  6  oz.  The  difference  may  not  be  material,  but  it  exists. 
Now,  in  the  case  of  the  metric  system,  it  has  been  proved  by 
most  arduous  and  protracted  investigations  that  whether  by  good 
luck  or  good  management,  the  difference  between  the  mass  of  a 
cubic  decimetre  of  water  and  that  of  one  kilogram  is  infinitesimal. 
It  is,  in  fact,  smaller,  by  less  than  three  parts  in  one  hundred 
thousand.  The  micron,  toooooo  ^^^re,  is  frequently  used  to  de- 
nominate extremely  small  measurements  ;  otherwise  expressed, 
it  is  Yf/o(T  niilliiiietre,  or  about  25000  ^^^^^'  ^^^^^^  decimetre  cube 
of  water  were  increased  in  dimensions  by  this  insignificant  amount 
(one  micron),  equal  to  xooVoo  ^^  ^^^  ^^^^>  i^  would  contain 
slightly  more  than  a  kilogram  of  water  (at  maximum  density 
and   standard    pressure).       It    would    be    hardly    possible    to 
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attain  greater  accuracy  in  such  a  determination,  and  certainly 
unnecessary. 

Having  now  discussed  the  source  and  characteristics  of  the 
Metric  System,  it  remains  for  us  to  consider  whether,  and  why, 
we  should  adopt  it  for  all  purposes  in  this  country,  and  what 
disadvantages  are  alleged  in  opposition  to  this  course. 

The  difficulties,  the  loss  of  time  and  useless  labour,  entailed 
by  the  continued  use  of  our  existing  caricature  of  a  system  of 
weights  and  measures,  have  already  been  incidentally  touched 
upon.  These  difficulties  are  met  with  in  almost  every  walk  in 
life,  and  are  first  experienced  in  early  youth,  when  we  are  taught 
to  reduce  all  sorts  of  compound  quantities  in  a  variety  of  ways, 
at  an  immense  cost  in  mental  wear  and  tear,  and  a  serious  loss 
of  time.  There  is  so  much  to  be  learnt  nowadays  even  to 
attain  to  the  average  level  of  information,  that  it  is  madness  to 
waste  valuable  time  at  our  most  receptive  age  on  hack-work  of 
this  kind.  It  has  been  argued  that  the  mental  training  is  good 
for  the  child,  like  the  study  of  the  dead  languages,  but  are  the 
German  and  French  children  less  mentally  alert  than  our  own  ? 
If  so,  how  is  it  that  we  are  so  hard  pressed  by  foreign  competi- 
tion ?  The  drudgery  involved  in  this  futile  description  of  mental 
gymnastics,  more  akin  to  the  treadmill  than  to  the  cricket-field, 
inspires  the  child  with  a  distaste  for  anything  in  the  shape  of 
figures,  which  often  persists  throughout  his  life.  He  does  not 
even  remember  the  heterogeneous  units  that  he  has  to  juggle 
with.  How  many  of  us  can  form  an  idea  of  the  area  of  a  square 
rod  ?  How  many  square  yards  are  there  in  a  square  rod,  pole, 
or  perch  (we  even  give  it  three  names  !),  or  how  many  in  an  acre  ? 
What  is  the  length  of  side  of  a  square  acre  ?  How  many  ditterent 
kinds  of  gallon  are  there,  or  how  many  quarters  ?  How  many 
grains  in  an  ounce  ?  The  British  ton  is  not  equivalent  to  the 
American  ton,  as  many  a  trader  has  learnt  to  his  cost.  The 
only  connection  between  the  inch  and  the  ounce  is  their  common 
derivation,  nominally,  from  the  Latin  uncia,  meaning  one-twelfth; 
but  the  ounce  of  commerce  is  one-sixteenth  of  a  pound.  The 
Troy  pound  is  lighter  than  the  Avoirdupois,  but  the  Troy  ounce 
is  heavier  than  the  Avoirdupois  ounce.  If  this  sort  of  thing, 
w^hich  could  he  extended  indefinitely,  affords  good  mental  training 
for  children,  their  minds  must  surely  be  constituted  in  a  peculiar 
fashion ;  we  never  hear  of  adults  taking  up  their  table-books  for 
a  little  mental  exercise — the  only  sensation  excited  by  such  an 
occupation  is  profound  disgust. 

It  may  be  objected  that  decimals  are  difficult ;  this,  however, 
is  not  the  case.  Decimals  are  simpler  than  vulgar  fractions, 
and  almost  as  simple  as  whole  numbers.  They  are  not  well 
taught   in   this  country,  partly  because  there  is  not  the  same 
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inducement  to  teach  them  as  in  metric  countries,  or  even  in 
countries  where  decimal  coinage  is  in  vogue.  This  trouble  would 
very  quickly  right  itself  when  the  Metric  System  was  adopted. 
The  time  saved  in  teaching  compound  arithmetic  and  complex 
units  would  be  far  more  than  sufficient  to  allow  of  teaching 
decimals  pi'operly — out  of  comparison,  in  fact. 

It  is  not  only  in  childhood,  however,  that  the  waste  of  time 
and  mental  effort  is  incurred ;  the  amount  of  time  and  labour 
spent  in  office  work,  due  to  the  use  of  our  units,  is  enormous, 
and  the  opportunities  for  mistakes  unlimited.  Where  the  Metric 
System  has  been  introduced  into  British  offices  it  has  been  found 
that  the  employes  take  to  it  without  any  difficulty.  Obviously, 
this  clerical  work  is  costly,  and  unnecessarily  incieases  the  cost 
of  our  manufactures,  thus  helping  to  handicap  us  in  the  world's 
markets.  It  also  increases  the  cost  of  goods  to  us  that  we  pur- 
chase from  abroad.  Further,  the  openings  for  dishonest  dealing 
afforded  by  existing  methods  of  measurement  are  notorious  and 
inevitable ;  inspectors  of  weights  and  measures  have  forcibly 
emphasized  this  unfortunate  fact.  There  are  no  fewer  than  200 
weights  in  actual  use  for  selling  corn ;  the  stone  may  mean 
almost  anything,  and  every  county  has  some  local  measure  of 
its  own,  the  diversity  of  units  being  almost  incredible.  Any 
attempt  to  standardise  existing  units  would  be  a  heart-breaking 
undertaking,  and  the  inspectors  confess  that  they  make  no 
attempt  to  suppress  the  numerous  illegal  measures  of  which 
they  are  aware — to  do  so  would  be  to  handicap  an  inspector's 
district  in  competition  with  others.  The  only  way  to  secure 
uniformity  is  to  introduce  a  system  differing  entirely  from  existing 
units ;  and  this  requirement  is  admirably  fulfilled  by  the  JMetric 
System.  So  well  is  this  understood  by  business  men,  that  as 
long  ago  as  the  year  1900,  forty  Chambers  of  Commerce,  twenty- 
nine  Town  Councils,  eighteen  Trades  Councils,  and  numerous 
other  public  bodies  had  passed  resolutions  in  favour  of  the 
adoption  of  the  Metric  System. 

But  it  is  not  only  in  respect  of  our  internal  trade  that  we 
are  at  a  disadvantage.  Our  enormous  foreign  trade,  amounting 
in  all  to  about  1000  millions  sterling  annually,  is  carried  on 
very  largely,  if  not  mainly,  with  countries  using  the  Metric 
System,  in  spite  of  the  disadvantages  entailed  by  the  use  of 
Ijritish  units.  In  this  connection,  there  is  serious  risk  in 
declaring  value  to  foreign  Custom  Houses ;  a  heavy  fine  is 
imposed  if  a  mistake  is  made  in  converting  from  British  to 
metric  units,  even  if  the  error  is  in  excess,  and  they  will  not 
accept  statements  in  our  units.  It  is  not  to  be  expected  that 
foreigners,  accustomed  for  years,  or  all  their  lives,  to  metric 
units,  with   their   simplicity  and   convenience,  will   take   the 
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trouble  to  learn  our  complex  "  system."  This  applies  not  only 
to  the  Customs,  but  also  to  the  purchasers,  who  naturally  <xive 
the  preference  to  goods  measured  in  units  which  they  under- 
stand. In  very  many  cases  nowadays,  our  export  houses  have 
to  deal  direct  with  the  local  retailers,  to  whom  our  measures  are 
gibberish,  and  the  importance  of  this  matter  is  increasing  yearly; 
tbrmerly  it  was  customary  to  deal  with  agents,  who  took  the 
trouble  and  responsibility  of  changing  our  units  into  those  of 
their  localities,  but  modern  conditions  often  render  this  im- 
possible. Even  at  the  start  of  transport  from  our  shores,  the 
difficulty  is  met  with  ;  for  instance,  the  sizes  of  bales  are  given 
in  inches,  and  have  to  be  first  reduced  to  cubic  inches,  then  to 
cubic  feet,  in  order  to  ascertain  the  shipping  charges,  at  40  cubic 
feet  to  the  ton  !  Spinning  and  weaving  machinery  is  an  im- 
portant export,  but  the  trade  is  greatly  impeded  by  the  use  of 
British  units.  We  cannot,  as  formerly,  dictate  to  our  foreign 
customers  what  they  shall  take  ;  we  must  now  provide  what 
they  will  accept,  and  our  units  are  to  them  a  foreign  language. 
It  is  of  little  use  to  print  catalogues  with  parallel  columns  of 
British  and  metric  units,  though  that  is  better  than  nothing  but 
British.  For  years  our  foreign  consuls  have  been  urging  upon 
us  the  pressing  need  for  the  adoption  of  the  Metric  System,  if 
we  wish  to  retain,  let  alone  increase,  our  trade. 

Incidentally,  we  may  notice  the  advantages  that  would 
ensue  from  the  adoption  of  a  decimal  system  of  coinage,  though 
this  is  not  strictly  within  the  scope  of  this  paper.  Many  of 
these  advantages  are  identical  with  those  mentioned  in  con- 
nection with  metric  computations,  such  as  the  absence  of 
troublesome  reductions,  the  simplicity  of  addition  of  columns  of 
figures,  and  the  abolition  of  compound  arithmetic.  Decimal 
coinage  can  be  handled  with  the  slide  rule  and  calculating 
machines,  a  powerful  argument  in  its  favour,  and  interest  cal- 
culations lose  all  their  terrors.  A  long  time  ago  a  first  step 
was  made  towards  decimalising  our  coinage  by  the  introduction 
of  the  fiorin,  which  was  marked  "  one  tenth  of  one  pound."  By 
increasing  the  number  of  farthings  in  11.  from  960  to  1000,  the 
thing  is  done.  We  then  have  the  florin  equal  to  100  farthings, 
or  mils,  shilling  equal  to  50,  sixpence  equal  to  25,  and  so  on. 
Accounts  would  be  kept  in  pounds  and  mils,  or  in  florins  and 
mils,  precisely  as  in  dealing  with  dollars  and  cents,  or  francs 
and  centimes.  The  saving  in  time  and  labour  would  be  enor- 
mous, and  foreigners  would  have  no  difficulty  with  our  coinage, 
neither  should  we  be  at  sea  in  foreign  lands. 

Probably  in  no  l)rancli  of  industry  would  the  benefits  of  the 
metric  system  be  more  marked  than  in  engineering  works.  To 
begin  with,  drawings  would  be  figured  in  millimetres  throughout. 
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and  there  would  be  no  necessity  to  mark  feet  and  inches,  with 
the  constant  liability  to  error  that  at  present  exists  through  the 
confusion  of  ticks  with  figures.  How  easily  1'  IJ"  can  be 
mistaken  for  llj"  or  1'  11^".  Or  1  3/16  can  become  13/16, 
and  so  on.  How  many  errors  are  made  in  adding  up  a  series  of 
dimensions  containing  eighths,  sixteenths,  and  thirty-seconds. 
How  long  does  it  take  to  find,  say,  23/32  on  the  rule  ?  If  calcu- 
lations have  to  be  made,  fractions  must  often  first  be  reduced  to 
decimals,  or  voluminous  tables  consulted.  It  is  sometimes 
argued  that  mistakes  may  easily  be  made  in  placing  the  decimal 
point ;  more  often  than  not,  no  decimal  point  is  required,  but  if 
a  mistake  is  made  it  is  so  great — tenfold — that  the  error  is 
generally  obvious.  For  instance,  suppose  the  gauge  of  a  railway 
were  given  as  14*3  metres,  or  143  metres,  instead  of  1*43  m. 
(  =  4  feet  8 J  inches).  Who  would  be  misled  ?  Similarly,  suppose 
the  length  of  a  rail  were  stated  as  90  m.  instead  of  9  m.  —would 
the  error  not  be  obvious  ?  The  liability  to  error  would  not  be 
even  as  great  as  under  present  conditions.  The  ease  of  taking 
out  quantities,  which  has  been  already  mentioned,  would  confer 
an  enormous  gain  upon  draughtsmen. 

It  might  be  anticipated  that  difficulty  would  be  experienced 
in  getting  workmen  to  adopt  the  metric  system.  This,  however, 
has  been  proved  by  actual  experience  to  be  an  unfounded  belief. 
Messrs.  Willans  and  Eobinson  have  for  years  used  the  metric 
system  for  their  foreign  trade,  side  by  side  with  British  measures, 
and  no  difficulty  has  been  experienced ;  they  have  adopted  the 
metric  system  also  for  their  new  work — the  manufacture  of  steam 
turbines.  No  new  tools  were  necessary  on  account  of  the  adop- 
tion of  the  metric  system.  Again,  last  year  the  Baldwin 
Locomotive  Works,  U.S.A.,  made  20  locomotives  for  a  French 
company  to  metric  measures ;  19,000  American  workmen  were 
affected,  and  were  enthusiastically  in  favour  of  the  Metric 
System.  The  Paris-Orleans  Eailway  Company  furnished  the 
drawings,  500  in  number,  representing  10.000  different  parts  ; 
the  work  was  to  be  done  in  six  months,  and  it  was  impossible  to 
make  new  drawings.  In  a  few  days  six  draughtsmen  working 
on  the  locomotives,  and  four  on  the  tenders,  had  got  out  the 
shop  drawings ;  the  company  purchased  metric  standards,  made 
metric  gauges  and  templets,  and  supplied  the  men  with  metre 
rules  graduated  to  millimetres.  The  dimensions  were  all  in 
millimetres,  without  any  reference  to  the  old  system.  Not  a 
mistake  was  made,  and  the  work  was  satisfactorily  acconjplished. 
There  was  no  trouble  with  tlie  men,  and  the  superintendent  of 
the  works,  Mr.  S.  M.  Vauclain,  was  converted  to  the  Metric 
System. 

The  limit-gauge  system,  so  extensively  employed  in  engi- 
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neering  works  now-a-days,  is  independent  of  the  system  of  units  ; 
it  is  immaterial  to  the  workman  whether  liis  gauge  is  exact 
millimetres  or  inches — he  need  not  know  its  dimensions  at  all. 
In  either  case  the  dimensions  are  almost  certain  to  be  expressed 
ill  decimals.  Lathes,  milling  machines,  boring  machines,  etc., 
need  no  alteration  at  all  for  use  with  the  Metric  System ;  tem- 
plets are  easily  altered,  if  necessary,  but  how  often  would  any 
alteration  be  required  ?  Templets,  etc.,  for  existing  patterns  can 
be  retained  for  them,  and  new  work  made  to  metric  measures. 
Moreover,  all  such  standard  patterns  become  obsolete  in  no 
long  time,  and  if  they  are  not  then  scrapped,  they  ought  to  be ! 
In  any  case,  templets  wear  out,  and  have  to  be  replaced.  It 
is  easy  to  alter  bushings  in  jigs.  Few  measurements,  except 
those  where  an  exact  fit  is  required,  are  accurately  worked  to, 
so  that  the  elaborate  calculations  sometimes  put  forward  to  show 
the  difficulty  of  expressing  British  standard  dimensions  in  milli- 
metres are  beside  the  mark ;  usually  the  nearest  millimetre  is 
sufficiently  accurate,  and  often  the  nearest  centimetre  would  do. 
It  should  be  remembered  that  the  same  number  of  significant 
figures  always  represents  practically  the  same  percentage  degree 
of  accuracy.  In  woodwork  carpenters  and  joiners  are  not  par- 
ticular to  an  eighth,  and  in  pattern-making  rule-of-thumb 
allowance  for  shrinkage  would  swallow  up  many  millimetres. 
There  need  be  no  trouble  at  all  about  standard  screw-threads, 
for  these  are  rarely  cut  in  the  ordinary  lathe ;  they  are  cut 
with  taps  and  dies  which  are  of  fixed  dimensions,  and  it  does 
not  matter  in  the  least  that  they  will,  no  doubt,  continue  to 
be  cut  to  inch  standards.  Owing  to  the  extreme  difficulty  of 
cutting  accurate  threads,  screws  and  nuts  are  made  to  gauge 
rather  than  by  direct  measurement.  Metric  threads  can  be  cut 
in  the  lathe  with  leading  screws  made  to  inch  measurements. 
British  Association  Standard  threads,  adopted  by  the  Standards 
Committee,  are  tabled  only  in  metric  units — rare  foresight! — 
but  we  never  hear  of  any  trouble  due  to  the  confusion  betw^een 
inclies  and  millimetres.  Metric  micrometers  are  conveniently 
made  with  one  revolution  per  millimetre,  reading  to  yj^  mm. ; 
but  incli  micrometers  liave  to  lie  made  with  40  revolutions  to 
the  inch,  and  25  divisions  to  the  circle,  or  some  such  awkward 
arrangement  involving  much  mental  effort  and  liability  to  error. 
The  Yoo  ^^-  ^^  ^  ^^^*'  ^"^  therefore  better  unit  than  the 
Y^}Q(i  inch,  which  is  2J  times  as  coarse.  The  specifications  of 
the  Standards  Comndttee  revel  in  decimal  measurements,  to 
many  significant  figures. 

As  for  engineering  calculations,  the  advantage  is  so 
enormously  on  the  side  of  the  Metric  System  that  it  is  hardly 
worth  discussing.     The  author's  experience  in  connection  with 
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the  design  of  electrical  machinery  convinced  hira,  many  years 
ago  ;  it  was  far  easier  to  convert  all  the  Britisli  measurements 
into  metric  units,  work  out  the  calculations,  and  convert  back 
again,  than  to  adhere  to  the  British  measures.  This  is  indeed  a 
common  practice  in  electrical  work.  The  opinion  of  Steinmetz, 
the  distinguished  American  mathematician  and  engineer,  is 
worth  quoting  in  full.  At  the  commencement  of  a  paper  on 
the  "  Steam  Path  of  the  Turbine,"  read  before  the  American 
Society  of  Mechanical  Engineers  this  year,  he  says  : — 

"  In  the  following,  the  metric  system  of  units  will  be  used 
throughout,  since  the  incongruous  mixture  of  heterogeneous 
units,  called  the  English  system,  requires  so  many  reduction 
factors,  that  it  can  conveniently  be  used  only  in  a  narrow  range 
of  mechanical  calculations,  l)y  memorising  reduction  factors  ; 
but  where  the  investigation  extends  over  several  branches  of 
science,  as  mechanics,  thermodynamics,  and  electrical  engineer- 
ing, the  English  system  is  so  cumbersome,  tliat  it  is  far  simpler 
to  translate  the  premises  into  the  metric  system,  carry  out  the 
work  in  the  metric  system,  and  translate  the  result  back  into 
the  English  system,  if  so  desired." 

"  If  so  desired  !  "     The  phrase  speaks  volumes. 

Sir  Frederick  Bramwell  has  often  been  quoted  in  favour  of 
the  existing  system,  which,  he  claimed,  was  the  best  for  mental 
arithmetic ;  but  he  possessed  altogether  exceptional  powers  in 
this  respect,  and  it  is  a  poor  argument  that,  because  he  was 
proficient  in  mental  arithmetic,  we  should  put  up  with  the 
innumerable  disadvantages  of  the  British  units.  Moreover,  he 
mistook  the  Metric  System  for  the  Decimal  System.  Users  of 
metric  units  are  in  no  way  tied  to  the  use  of  decimals ;  they 
use  vulgar  fractions  whenever  these  suit  their  purpose  better, 
and  they  claim  the  use  of  Sir  Frederick  Bramwell's  short  cuts 
as  well  as  their  own.  On  the  other  hand.  Sir  Benjamin  Baker, 
an  engineer  of  no  less  eminence,  and  of  great  experience  in  the 
use  of  the  Metric  System,  said  that  the  latter  was  ''incom- 
parably simpler"  ;  the  difference  was  **  simply  marvellous!" 

Attempts  have  often  been  made  to  decimalise  our  existing 
system,  and  there  is  even  an  Association  for  the  purpose  of  pro- 
moting this  object.  All  such  attempts  are  doomed  to  failure, 
for  they  would  lead  to  endless  confusion.  To  decimalise  the 
inch  would  still  leave  all  the  disadvantages  of  the  foot  and  yard. 
The  Armstrong  works  have  used  the  decimal  divisions  of  the 
inch  for  40  years,  and  rightly,  as  they  thus  get  rid  of  the  thirty- 
seconds  and  sixty- fourths,  with  their  "  bare  "  and  *'  full  "  allow- 
ances. But  to  alter  the  inch,  even  slightly,  would  be  fatal  ; 
the  new  unit  would  be  too  nearly  like  the  ohl,  and  endless  con- 
fusion would  result.     Germany  actually  attempted  to   do  this 


OF   THE    METRIC    SYSTEM.  137 

very  thing,  but  gave  it  up  after  inquiry,  and  adopted  the  Metric 
System.  There  was  no  friction  due  to  its  adoption,  nor  was 
there  any  in  Austria.  In  fact,  wherever  the  system  lias  been  intro- 
duced, objections  have  quickly  died  away,  and  no  country  wliich 
lias  adopted  the  Metric  System — since  the  early  struggles  of 
France — has  ever  given  it  up.  Germany  finds  no  difficulty  in 
manufacturing  with  these  units ;  if  she  did,  we  should  find  her 
competition  less  effective  than  it  is.  The  objection  often  ad- 
vanced, that  textile  trades,  which  form  so  very  important  an 
industry  in  this  country,  would  suffer  from  the  change,  has  been 
cUsproved  by  facts.  Mr.  Lloyd-George  stated  last  year  that  he 
was  informed,  on  good  autliority,  that  cloth  manufacturers  could 
quote  and  deal  in  metric  quantities  without  any  difficulty  at  all. 

Perhaps  one  of  the  most  serious  obstacles  to  the  general 
introduction  of  the  Metric  System  would  be  found  in  the  neces- 
sity of  replacing  all  the  standard  weights  of  retail  traders. 
Their  balances  would  not  be  affected,  but  a  new  set  of  weisrhts 
would  cost  from  16s.  to  21.,  say  30s.  on  the  average.  A  Govern- 
ment grant  miglit  facilitate  the  conversion. 

The  decimal  system  of  weights  and  measures  originated  in 
this  country.  It  was  devised  by  James  Watt  in  1783.  Pro- 
Ijably  his  proposals  gave  the  first  impetus  to  the  movement 
which  was  carried  out  so  successfully  in  France  a  few  years 
later.  Yet  we  are  amongst  the  last  to  take  advantage  of  the 
benefits  to  be  derived  from  a  rational  system.  Why  should 
we  wait  ? 

We  are  a  conservative  nation  in  this,  as  in  other  things ; 
public  opinion  must  favour  the  conversion,  and  the  people  must 
l)e  educated  to  realise  the  advantages  to  be  gained.  The  ques- 
tion must  be  kept  alive  in  every  possible  way ;  and  if  this 
brief  sketch  of  an  immense  subject — upon  which  volumes  could 
be  written — aids  the  good  work,  even  to  a  small  extent,  by 
giving  rise  to  a  discussion,  the  author's  object  will  have  been 
achieved. 

DISCUSSION. 

The  President  said  that  it  was  his  privilege  to  ])ropose  a 
vote  of  tlianks  t<j  the  author  for  his  interesting  pa])er.  Although 
many  papers  had  been  written  on  the  subject  from  time  to  time, 
this  Society  had  not  yet  had  one  dealing  with  it,  and  it  was  well 
tliat  they  sliould  take  up  the  consideration  of  it,  for  this  country 
was  in  a  state  of  some  confusion  u])on  the  qnestion.  If  the 
facts  could  be  known,  it  would  proljably  be  found  that  at  the 
time  the  Tower  of  Babel  was  l)eing  Imilt  people  not  only  had 
one  common  language   but  also  one  standanl  of  measurement 
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(though  it  might  not  have  been  the  metric  system),  and  that, 
when  their  language  was  confounded,  their  measurements  were 
confounded  too  ;  and  had  so  remained  to  the  present  day !  He 
was  anxious  that  the  meeting  should  discuss  the  subject  more 
especially  from  a  practical  and  an  engineering  point  of  view. 
It  appeared  from  the  paper  that  there  were  more  "  pros  "  than 
"  cons  "  !  As  to  some  of  the  arguments  which  had  been  brought 
forward,  there  could  not  be  any  question  that  it  would  be  much 
more  simple  to  train  children  in  the  metric  system  than  in  that 
which  now  prevailed  amongst  us.  Indeed  it  had  been  calculated 
that  about  one-eighth  of  a  child's  time  at  school  could  be  saved 
in  this  way.  It  was  some  thirty  or  forty  years  since  the  House 
of  Commons  first  passed  a  Bill  in  favour  of  the  metric  system, 
though  the  measure  did  not  then  get  any  further.  Such  a 
matter  could  not  of  course  be  settled  by  a  meeting  like  the 
present;  but  he  agreed  with  the  statement  of  the  author  that  the 
subject  should  be  kept  before  the  public  and  that  they  must  be 
educated  in  respect  to  it.  The  author  had  touched  upon  one 
serious  result  of  such  a  change,  namely,  the  necessity  for  pro- 
viding new  sets  of  weights  and  measures  throughout  the  kingdom, 
and  had  estimated  the  cost  at  from  16s.  to  21.  in  each  instance 
on  the  average.  He  had  also  suggested  that  a  Government 
grant  should  be  made  to  facilitate  this  conversion.  Tlie  Chan- 
cellor of  the  Exchequer  might  be  in  favour  of  the  metric  system, 
but  whether  he  would  be  in  favour  of  such  a  grant  was  another 
consideration.  Probably,  it  would  have  to  be  a  larger  one  than 
the  author  had  realised.  He  hoped  that  they  would  hear  an 
expression  of  opinion  from  that  energetic  association,  the  Incor- 
porated Society  of  Inspectors  of  Weights  and  Measures,  and 
from  other  leading  authorities  who  were  also  represented  at  the 
meeting.  The  Society  were  much  indebted  to  the  author  for 
putting  very  important  facts  into  a  small  space  and  stating 
them  in  a  practical  manner. 

The  vote  of  thanks  was  accorded  by  acclamation. 

The  two  following  communications  were  read  by  tlie 
Secretary  : — 

1.  A  letter  dated  May  18,  from  Mr.  F.  E.  Simms,  Managing 
Director  of  the  Simms  Manufacturing  Company,  Ltd. : — 

"  Nothing  would  have  given  me  more  pleasure  tlian  to 
attend  the  lecture  on  the  Decimal  System,  and  to  take  part  in 
the  discussion,  but  on  June  1  I  shall  be  abroad.  T  regret  my 
absence  all  the  more  since,  as  you  know,  I  am  a  very  strong 
advocate  of  the  metric  system." 

2.  A  telegram  (received  5.30  p.m.  June  1)  from  Mr.  Kenyon, 
of  Sheffield  :— 

"Sorry  unable  attend  meeting  Whitehall.     Decimalisation 
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must  come.  Delay  increases  expense  and  the  inconvenience  of 
the  change.  Aggregate  cost  certainly  large.  Probably  per 
cent,  annual  turnover  insignificant.  Sufficient  arithmetical 
gymnastics  in  mathematical  practical  application  of  natural 
laws.  Universal  system  desirable.  Will  adoption  British  units 
secure  this  ? " 

Professor  C.  V.  Boys,  F.R.S.,  in  opening  the  discussion, 
said  that   it   seemed   impossible   to   say  anything  new  on  the 
subject  either  for  or  against.     Nearly  all  present  must  feel  tliat, 
if  the  country  were  starting  anew,  the  arguments  which  had 
been  used  in  favour  of  either  the  metric  or  a  decimal  system 
would  prevail,  and  people  would  be  absolutely  all  of  one  mind. 
The  practical  difficulties  lay  in  making  a  change.     Not  being  a 
business  man,  he  did  not  feel  competent  to  speak  of  the  subject 
from  the  business  point  of  view  ;  and  he  did  not  wish  to  gloss 
over  the  difficulties.      He  wished,   however,   to   refer   to   the 
subject    in    one    or    two    of    its  minor    aspects.      There    were 
really   two   questions    that    must  always    l3e    considered  sepa- 
rately when  the  subject  was  dealt  with.     One  was  the  use  of 
any  decimal  system  at  all,  and  the  other  was  the  use  of  a  parti- 
cular  decimal  system,   namely,  the    metric  system.       Against 
every  decimal  system,  they  were  often  told,  and  more  especially 
by   those    who   liked   to  call   themselves    "  practical,"    that    a 
decimal  division  was  al)solutely  unsound,  or  was,  at  any  rate, 
a  most  inconvenient  division.     It  was  said  that  workmen  did 
not  understand  it,  and  that  they  liked  to  divide  by  two  over 
and  over  again.     In  doing  this,  they  might  get  as  far  as  the 
128th,  but  then  they  got  *' mixed."     One  heard  a  great  deal 
about  the  British  inch  as  a  perfect  measure  in  itself,  which  was 
not  capable  of  being  superseded  by  any  new-fangled  measure. 
There  seemed  to  be  some  special  virtue  about  the  British  inch 
which  he  was  unable  to  understand,  but  this  was  often  dwelt 
on.     They  heard  of  the  peculiar  merits  of  the  thousandth  of  an 
inch  in  connexion  with  nicety  of  work,  and  it  was  said  that  work- 
men could  not  understand  decimalisation,  but  the  thousandth 
of  an  inch  could  not  be  got  by  dividing  by  two,  however  long 
they  divided  ;  so  it  was  of  no  use  to  talk  about  the  advantaire 
of  dividing  by  two  for  ever,  unless  they  were  prepared  to  give 
uj)  the  thousandth  of  an  inch.     Speaking  as  a  constructor  who 
knew  what  nice  work  was,  he  thought  that  the  thousandth  of  an 
inch  had   the  disadvantage  of  not  being  small  enough.     Two 
things  which  differed  l)y  a  thousandth  of  an  inch,  especially  if 
they   were  small,  differed  very   badly,   and  they  would  shake 
and    rattle ;    and,  therefore,    the    thousandth   of  an    inch    was 
insufficiently  small  as  a  unit.     It  was  good  enough  if  the  thing 
were  large,  but  not  otherwise.     On  the  other  hand,  in  the  case 
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of  the  one-hundredth  of  a  millimetre,  where  work  was  produced 
by  the  grinding  process  or  by  the  cutting  process,  they  were 
just  upon  the  limit  of  straightforward  workshop  construction. 
It  seemed,  therefore,  unnecessary  to  go  as  far  as  the  ten- 
thousandth  of  an  inch  for  the  unit.  In  saying  this,  he  must 
not  for  a  moment  be  supposed  to  mean  that  no  construction 
required  greater  accuracy,  because  they  all  knew  those  magni- 
ficent Swedish  gauges.  The  error  of  a  pile  of  them  put  together 
was  practically  outside  the  range  of  the  workshop  micrometer. 

He  was  mentioning  only  these  things  as  illustrating  the 
difficulty  that  he  found  when  they  were  told  that  the  metric 
system  was  of  no  good  in  the  workshop.  He  could  not  think 
what  the  difficulty  was.  He  had  talked  witli  Ids  friend,  Colonel 
Crompton,  who  was  presently  going  to  put  him  right,  but  he 
had  never  been  able  to  ascertain  anything  except  that  gentle- 
man's assertion  that  the  metric  system  was  not  good.  He  had 
never  understood  why  it  was  not  so. 

It  was  said  that,  if  they  introduced  metric  nomenclature  into 
a  specification  or  into  regulations,  they  would  be  liable  to  intro- 
duce difficulty  and  confusion.  He  was  one  of  the  Metropolitan 
Gas  Eeferees,  and  about  ten  years  ago,  when  the  new  system  of 
making  official  tests  of  London  gas  was  designed,  and  the  official 
description  of  them  was  sent  out  for  use  in  all  tlie  testing 
places,  it  was  considered  that  it  would  save  time  and  trouble,  as 
they  were  starting  cle  novo,  to  adopt  the  millimetre  as  the  unit 
of  measurement ;  and  the  whole  of  the  detail  and  all  the 
construction  of  the  photometers  as  now  used  were  designed  at 
that  time  on  the  millimetre  basis.  There  was  some  curiosity  as 
to  the  result.  The  Eeferees  knew  quite  well  that,  if  the  system 
had  a  fair  trial,  there  would  be  no  difficulty  in  understanding 
the  millimetre.  In  spite  of  the  fact  that  the  Journal  of  Gas 
LujMiny  was  a  paper  which  took  a  superior  attitude  as  to  the 
British  inch,  the  only  remark  that  they  made  at  all  about  all  these 
terrible  difficulties  was  something  to  this  effect:  ''We  notice 
that  the  dimensions  are  given  in  millimetres."  There  had  been 
no  difficulty  in  any  quarter,  and  there  had  been  no  complaint. 
Not  the  slightest  objection  had  been  taken  whatever.  Of  course, 
all  chemical  operations  were  carried  out,  as  they  must  be,  by  the 
metric  system.  The  only  measure  which  they  could  not  adapt 
to  the  metric  system  was  the  euldc  foot  for  gas.  The  cubic  foot 
was  a  Parlianientaiy  measurement.  But,  directly  they  had  got 
their  gas,  they  left  olf  using  the  cubic  foot,  and  they  dealt  with  the 
chemical  and  the  linear  measurements  on  the  metric  system,  and 
no  difficulty  had  been  found. 

Colonel  R.  E.  Crompton  said  that  it  was  interesting  that 
the  Society  of  P^igineers  had  dared  to  discuss   a  subject  which 
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in  other  societies  has  been  tabooed  on  account  of  the  extreme 
ardour — to  say  the  least — which  was  sliown  in  the  debates 
whenever  the  subject  was  mentioned.  In  America,  most 
extraordinary  statements  were  made  about  the  number  of  men 
in  workshops  who  liad  voted  in  favour  of  making  the  metric 
system  compulsory  ;  but  there  was  notliing  which  made  the 
average  American  engineer  so  angrv  as  to  tell  him  that  this  was 
the  case. 

The  fact  that  people  varied  so  widely  in  their  opinions  upon 
the  question  arose  probably  from  the  defects  of  decimal  numera- 
tion. Our  forefathers  started  with  dozens,  grosses,  and  so  on, 
and  some  foolish  person  abandoned  those  duodecimal  divisions 
and  went  into  the  decimal  business,  and  then  our  ills  began. 
It  was  the  decimal  trouble  that  he  found  fault  with,  and  not  the 
metric  system  or  the  convenient  arrangement  of  interchangeable 
units  which  had  followed  on  the  introduction  of  the  metric 
system  in  France,  and  which  was,  undoubtedly,  the  cause  of  its 
wide  adoption  in  countries  which  were  not  very  well  established 
and  in  which  change  was  not  a  costly  thing.  They  were  faced 
witli  this  problem :  why  did  England  and  America  absolutely 
hang  fire?  For  years  both  countries  had  had  the  choice  of  two 
systems.  All  that  time  the  minority  had  been  howling  out  to 
compel  tlie  majority  to  their  way  of  thinking.  From  the  fact 
that  so  little  progress  had  been  made,  it  seemed  that  there  must 
be  something  in  the  two  countries  wliich  made  the  majority  feel 
that  a  change  was  not  desirable.  There  were  mechanical  reasons 
why  decimal  fractions,  with  tlieir  repeaters,  did  not  work  in 
well  with  any  system  of  dividing  inches.  People  preferred 
aliquot  parts.  In  textiles,  where  people  had  to  double  and 
double  again,  the  decimal  system  again  did  not  fit.  For  that 
reason,  tlie  Englisli  count  was  still  preserved  all  over  the 
Continent. 

His  theory  as  to  the  reason  why  people  thought  so  differently 
upon  the  subject  was  that  the  world  was  very  much  divided 
into  two  classes.  One  consisted  of  the  thinkers,  the  analysts, 
and  chemists,  who  dealt  with  matter  as  it  exists,  and  had  to 
dissect  it  and  consider  it,  but  had  not  got  to  construct  with  it. 
Tiie  other  consisted  of  the  engineers  wlio  liad  to  deal  with 
constructural  design.  For  screw-cutting,  dividing  engines,  rolling 
mills,  and  things  of  that  kind,  tliey  found  that  12  was  a  more 
convenient  figure  to  work  to  than  10.  If  they  designed  in  tlie 
metric  system,  tliey  figured  the  bolts  in  inches  or  "  Whitworth," 
which  meant  Englisli  dimensions.  There  were  many  anomalies 
of  that  kind. 

It  would  be  an  undoubted  advantage  if  youths  could  be 
saved  from  the  trouble  of  all  the  old-world  tables.     The  stoutest 
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supporters  of  the  English  inch  would  admit  that.  They  did  not 
at  all  want  rods,  poles,  or  perches,  and  they  were  quite  prepared 
to  have  an  acre  defined  as  so  many  square  yards.  But  when  the 
author  of  the  paper  spoke  of  altering  the  mensuration  of  survey- 
ing in  England,  they  must  remember  the  immense  confusion 
and  trouble  with  title  deeds  and  everything  of  that  kind  that 
would  follow  any  change  in  their  ground  or  land  measurement. 
In  Austria  and  other  countries  where  the  metric  system  had 
been  introduced  and  made  compulsory,  they  still  had  to  retain 
their  old  land  measurements.  It  was  the  same  in  many  parts 
of  France  and  Germany. 

Why  had  the  metric  people  never  got  their  system  for  calcu- 
lations at  sea  or  for  navigation  ?  As  a  matter  of  consistency, 
time  ought  to  be  decimalised.  Why  had  it  never  been  done  ? 
The  fact  of  the  matter  was  that  the  changes  in  such  things 
would  be  so  serious  and  so  confusing,  and  introduce  such  diffi- 
culties, that  the  advantages  would  have  to  be  huge  to  justify  a 
change.  He  did  not  think  that  any  of  the  advantages  claimed 
in  the  paper  were  really  very  great.  Broad  statements  were 
made  to  the  effect  that  the  metric  system  would  facilitate  trade, 
but  nobody  had  brought  forward  the  least  argument  to  show 
how  it  would  do  so.  If  he  turned  out  a  steam  engine  of  a 
certain  size  from  his  workshop,  what  would  it  matter  that  it  had 
been  designed  in  inches,  although  the  purchaser  might  have  it 
listed  to  him  in  millimetres  ?  It  would  make  no  difference, 
and  the  author  over  and  over  again  admitted  that  fact.  The 
author  referred  to  Messrs.  Willans  and  Eobinson ;  but  that  firm 
had  several  times  publicly  disavowed  the  fact  that  they  had 
adopted  tlie  metric  system  exclusively  in  their  works.  They 
had  always  had  the  two  systems  alongside  one  another  for  many 
years,  just  as  he  (Colonel  Crompton)  had  in  his  works.  The 
author  had  stated  that  they  were  able  to  make  parts  inter- 
changeable under  the  two  systems.  Of  course,  if  they  made 
them  to  the  same  gauge  there  was  no  trouble  about  that.  The 
whole  question  of  accurate  manufacture  was  practically  a 
question  of  limit  gauges. 

The  author  made  a  strange  statement  that  elaborate  and 
accurate  calculations  were  not  necessary.  ''  Few  measurements 
except  thosci  where  an  exact  fit  is  required,  are  accurately  worked 
to,  so  that  tlie  elaborate  calculations  sometimes  put  forward  to 
show  the  difficulty  of  expressing  British  standard  dimensions  in 
millimetres  are  beside  the  mark  ;  usually  the  nearest  millimetre 
is  sufficiently  accurate,  and  often  the  nearest  centimetre  would 
do."  What  sort  of  trade  was  the  author  referring  to  ?  If  they 
had  to  lay  down  standards  of  workmanship,  the  thousandth  of 
an  inch,  as  Professor  Boys  had  said,  was  a  very  coarse  measure- 
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raent  indeed.  He  had  been  for  four  years  on  a  committee  with 
regard  to  standardising,  and  every  man  who  had  anything  to 
say  with  regard  to  the  improvement  of  workmanship  by 
standardising  had  admitted  that  the  ten-thousandth  of  an  inch 
was  a  convenient  measure,  and  that  there  was  no  possibility  of 
getting  English  mechanical  engineers  to  adopt  gauges  graduated 
in  millimetres,  although,  if  they  were  graduated  in  millimetres, 
the  one-hundredth  of  a  millimetre  would  be  a  perfectly  easy 
thing.  Then  the  author  said,  "  Inch  micrometers  have  to  be 
made  with  40  revolutions  to  tlieinch."  He  (Colonel  Crompton) 
thought  that  they  could  make  them  nowadays  with  100  revolu- 
tions to  the  inch.  Both  the  author  and  he  were  electrical 
engineers.  He  (the  speaker)  had  worked  on  the  C.G.S.  system, 
and  he  admitted  its  convenience  for  electrical  measurements. 

The  statement  about  the  "  bare  "  and  "  full  "  allowances  with 
reference  to  the  Armstroncr  works  was,  he  thought,  rather  a  libel 
on  Sir  Andrew  Noble.  He  did  not  think  that  his  friend,  Mr. 
Brackenbury,  who  was  on  the  Standardisation  Committee  with 
him,  would  admit  that  they  had  to  get  rid  of  "  bare  "  and  "  full  " 
allowances.  Thousands  of  English  firms  had  been  using  "  mils  " 
for  thirty  years,  and  their  accuracy  had  been  obtained  by  using 
them. 

Sir  Benjamin  Baker  was  made  out  to  be  a  strong  advocate 
for  the  metric  system.  AVhat  he  said  was  that  it  was  no  trouble 
to  use  metres  on  the  Assouan  dam.  But  he  (Colonel  Crompton) 
did  not  think  that  the  millimetre  difficulty  arose  on  the  Assouan 
dam. 

The  paper  was  an  interesting  one,  but  people  would  never 
agree  on  the  subject,  and  they  w^ould  waste  a  good  deal  of  time 
in  talking  about  it.  They  might  exercise  their  mental  powers 
by  criticising  what  other  people  said,  l)ut  they  would  never  get 
any  farther,  and  it  would  take  a  great  deal  of  conversion  to  nuike 
the  mechanical  engineers,  whether  of  America  or  of  England, 
abandon  their  present  system  of  measuring  and  weighing.  As 
regarded  lineal  measurements,  there  were  nearly  100,000/.  in- 
vested in  templets  and  things  of  that  kind  which  could  not  l)e 
wiped  away,  and  wliicli  could  not  be  measured  in  even  fractions 
of  a  millimetre. 

Major  G.  Hurlstone  Hardy  said  that  witli  regard  to  the 
pa])er  there  was  one  little  correction  which  might  be  made. 
James  Watt  visited  and  conferred  witli  the  philosophers  of  tlie 
Frt^nch  llevolution  ;  hence  it  might  l)e  taken,  not  as  a  su])position, 
l)ut  as  a  fact,  that  his  project  of  decimalisation,  nfter  being 
tabooed  in  Kngland,  was  taken  u])  with  that  fervour  for  novelty 
which  then  existed  in  France.  A  good  fighting  speech  liad  l)een 
made  by  the  last  speaker,  and  he  (Major  Hiirdy)  had  heard  many 
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such  speeches  from  the  late  Sir  Frederick  Bramwell  and  other 
opponents.  He  had  never  thought  anything  of  Sir  Frederick 
Bramwell's  argument,  but  Sir  Frederick's  personality  gave 
weight  to  what  he  said.  They  must  not  be  overborne  by  big 
names,  for  big  people  made  big  mistakes  sometimes  in  their 
own  matters  of  business  as  well  as  outside.  In  General  de 
Montholon's  Memoirs  the  reasons  are  mentioned  of  Napoleon's 
opposition  to  the  use  of  the  metric  system,  but  they  do  not  now 
impress  one  as  prescient  wisdom.  Its  use  did  not  immediately 
follow  the  French  Eevolution,  for  it  did  not  really  become  com- 
pulsory and  general  till  1840.  There  was,  however,  one  pro- 
found remark  of  Napoleon  the  Great  which  had  got  overlooked. 
It  has  been  said  that  there  was  no  universal  measurement  in  his 
day  ;  but  there  was.  There  was  the  fathom  ;  100  fathoms  then, 
as  now,  made  a  "cable's  length,"  and  1000  fathoms  the  nautical 
mile.  This  is  the  measurement  which  should  have  been  stand- 
ardised in  that  day  ;  thus  there  was  a  universal  decimal  system 
existing  at  that  time,  and  if  the  French  philosophers  had  taken 
the  fathom,  that  would  have  been  a  good  thing  to  have  stand- 
ardised. People  would  then  have  accepted  it  universally,  and 
there  would  not  have  been  any  international  jealousy.  The 
fathom  was  a  natural  thing.  It  was  double  the  length  of  the 
extended  arm  of  a  man,  and  it  suited  nautical  use  and  geo- 
graphical use. 

He  (Major  Hardy)  would  put  a  well-defined  limit  on 
decimalisation ;  there  was  no  need  to  alter  a  great  deal  of  what 
now  existed.  They  had  for  land  measurement  the  link  and  the 
chain.  100  links  =  1  chain.  That  was  a  decimal  measure  in 
itself,  Land  measure  in  England  had  long  been  decimalised, 
and  there  was  no  need  to  disturb  it.  The  popular  appeal  should 
1)0  for  a  universal  linear  measurement,  and  now  this  must  be 
the  metric  system  which  was  the  one  that  a  spirit  of  conserva- 
tism opposed.  He  thought  that  there  was  great  advantage  and 
much  common-sense  in  putting  a  restriction  on  fantastic  decimal- 
isation. The  restriction  would  be  for  land  and  sea,  geography 
and  time.  With  such  a  restriction,  Admiralty  charts,  land 
measurements,  and  title-deeds  need  not  be  altered.  With  regard 
to  lineal  measurement  there  was  opposition  in  certain  trades, 
l)Ut  he  thought  that  the  opposition  had  been  magnified.  With 
regard  to  textiles,  it  was,  he  thought,  only  necessary  to  have  the 
retail  measurement  in  metres  rather  than  yards  over  the 
counter.  Cloth  and  the  thickness  of  the  cloth  depended  on  the 
loom  in  whicli  the  cloth  was  woven.  Then  cloth  got  altered  in 
shrinking  and  in  fulling.  Consequently,  thickness  represented 
different  qualities.  Thickness  in  paper,  and  in  the  count  of 
yarns,  could  be  left  in  the  hands  of  the  trades  concerned.     All 
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that  was  mixed  up  with  the  quality  of  the  j^^oods  or  the  use  of 
numbers  as  an  index  of  the  fittiuLf  size  of  hats,  crloves,  boots,  etc., 
should  be  wiped  out  from  the  project  of  having  decimal  measure- 
ments, lieform  was  mainly  wanted  with  regard  to  the  linen- 
draper's  yard  in  commerce  ;  all  else  would  follow.  With  regard 
to  engineering,  the  matter  had  been  very  well  put.  He  certainly 
preferred  the  decimal  system  with  its  decimal  point  to  quarters 
and  dividing  in  that  way.  Sir*  Frederick  Bramwell  always  said 
that  anyone  could  understand  a  quarter,  but  he  might  not 
understand  0  •  25  ;  but  if  so,  he  (Major  Hardy)  thought  that  there 
was  something  wrong  with  the  education  of  the  man.  Decimals 
were  not  well  taught  in  primary  schools,  and  he  thought  that 
they  ought  to  be  taught  in  preference  to  fractions.  People 
would  naturally  get  into  fractions  as  much  as  required  without 
any  teaching  at  all.  When  children  were  properly  instructed 
in  the  decimal  system,  they  learnt  a  great  deal  more  than  the 
decimal  system.  They  learnt  "  percentages,"  a  system  of  ready- 
reckoning,  and  a  great  deal  of  useful  knowledge  which  was  now 
very  hazy  in  the  ideas  of  the  general  public. 

The  proper  limitation  of  the  metric  system  would  wipe  out 
a  great  many  of  the  objections.  Horology  did  not  require  any 
interference  whatever.  It  followed  with  the  geograpliical  mile, 
and  the  two  fell  in  very  well  together.  In  looking  at  a  clock 
we  took  a  near  inspection  of  a  circular  disc,  and  the  division 
into  twelve  came  very  easily  and  naturally.  It  suited  the 
custom  of  having  twelve  hours  in  the  day.  It  was  a  pity, 
however,  that  we  did  not  count  twenty-four  hours  after  the 
Italian  system.  Englisli  ]!eople  did  not  want,  like  the  French 
Intellectuals,  to  ljo  too  much  into  detail  and  make  ten  days  to 
the  week,  or  ten  divisions  on  the  clock  dial.  The  French  have 
reverted  in  angular  measurement  and  divide  the  circle  into  360 
degrees.  Again,  the  present  division  of  four  quarters  very  well 
suits  the  weatliercock  ;  they  could  not  put  ten  divisions  to  a 
weatlier  cock  on  the  top  uf  a  church  steeple.  Four  points  were 
amply  sufficient,  but  thirty-two  better  suited  tlie  nautical 
compass.  Again,  with  regard  to  the  old  system  of  semaphore 
signals.  Ten  would  be  an  inconvenient  number  to  be  viewed 
from  a  very  remote  distance.  A  count  of  eight  suited  the 
purpose  exactly.  The  positions  of  the  semaphore  arm  accordingly 
counted  in  the  commonest  and  simplest  code  as,  0,  1,  2,  3,  4,  5, 
G,  and  7.  There  were  other  advisable  limitations,  and  if  these 
limitations  were  })roperly  considered,  they  would  wipe  out 
three-quarters  of  the  objections  raised  by  the  last  speaker. 
Interference  with  trade  would  be  very  little  indeed.  Peojde 
could  buy  wine  or  l)eer  by  the  dozen  bottles  or  by  the  bottle, 
and  legislation  would  not   interfere    with    them.     They  could 
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leave  all  the  present  measurements  until  the  bottles  were  worn 
out,  but  the  litre  would  be  the  lawful  standardised  measure, 
whilst  old  bottles  would  be  understood  as  having  a  capacity 
expressible  in  decimal  parts  of  the  litre. 

His  own  difficulty  with  regard  to  the  metric  system  w^as 
that  they  were  wrong  in  trying  to  introduce  decimal  measure- 
ments before  they  had  decimal  coinage.  If  the  matter  was  to 
be  taken  up  by  those  who  were  enthusiastic,  they  must,  he 
thought,  as  a  matter  of  diplomacy,  put  decimal  coinage  first. 
The  matter  must  be  run  democratically.  Poor  people  had  a 
trouble  with  the  coinage,  and  they  wanted  a  ready  means  of 
reckoning.  For  instance,  they  would  buy,  say,  3  lb.  7  oz.  of 
bacon  at  9^^.  lb.,  and  they  could  not  count  the  amount  exactly ; 
the  shopman  put  on  a  little  for  his  own  benefit,  and  the  tiny 
fractions,  repeated  over  and  over  again  by  the  hundred,  made 
a  source  of  rather  substantial  profit  to  the  small  tradesman, 
whilst  no  buyer  knew  whether  he  was  paying  the  right  sum  or 
not.  He  thought  that  the  decimal  system  of  coinage  ought  to 
take  precedence  of  the  metric  system.  If  both  reforms  are  to 
come,  the  ordinary  "  man  in  the  market "  will  surely  say — let 
us  have  them  both  at  once,  and  it  will  soon  be  over.  It  was 
said  that  people  would  never  learn  the  metric  system,  but  it  had 
been  proved  over  and  over  again  in  every  country  where  it  had 
been  introduced  that  the  people  did  wonderfully  soon  learn  to 
understand  and  value  it.  He  was  a  "  bit  of  a  Liberal,"  but  he 
believed  that  a  little  compulsion  was  sometimes  wholesome.  It 
was  a  case  where  the  thinker  should  think  and  enforce  his  view 
for  the  general  good. 

Mr.  J.  H.  Twigg  said  that  irrelevant  and  trivial  objections 
wei'e  often  made  against  the  metric  system :  for  instance,  it  was 
stated  in  a  lecture  before  the  Koyal  Society  of  Arts  (December 
1906),  that  "  it  is  an  essential  part "  of  the  metric  system  to 
have  100  degrees  instead  of  90  in  a  right  angle.  That  lecturer, 
Sir  C.  Watson,  E.E.,  should  have  known  that  the  metric  system 
relates  only  to  length,  surface,  volume  and  mass,  so  that  angles, 
being  mere  ratios  of  arc  to  radius,  do  not  enter  into  the  system 
at  all,  nor  do  the  measures  of  time,  money,  or  thermometry. 
The  metric  system,  moreover,  does  not  exclude  common 
fractions,  as  some  people  imagine. 

Letters  have  recently  appeared  in  the  press  regarding  tlie 
useful  work  now  done  for  preparing  standards  of  construction 
and  material.  In  some  of  this  the  Centigrade  thermometer  was 
used,  possibly  to  give  a  sort  of  scientific  flavour  to  the  pro- 
ceedings, but  the  metric  weights  and  measures  are  excluded, 
the  work  being  intended  for  Great  Britain.  Now,  however,  it 
was   announced   that   the   scheme    was    to    be    international. 
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Presumably  then  the  convenient  round  numbers  chosen  for 
British  measurements  must  be  translated  into  awkward  frac- 
tions tor  the  use  of  metric  Europe.  The  most  widely  spread  of 
all  objections  said  nothing  against  the  metric  system  itself,  but 
declared  that  the  cost  of  factories,  machinery,  and  industry 
would  be  ruinous  The  simple  answer  was  that  no  one  has 
ever  proposed  to  force  the  metric  system  upon  factories  or 
industry  of  any  kind,  but  only  upon  the  buyers  and  sellers  of 
goods.  Nevertheless,  incredible  as  it  might  seem,  the  House  of 
Commons  was  told  the  contrary  by  several  speakers  in  the 
debate  on  the  Bill  of  last  year,  and  this  was  widely  believed, 
though  the  Bill  was  supported  by  the  high  authority  of 
Armstrong- Whitworth,  Yickers-Maxim,  Sir  W.  Mather,  Lord 
Kelvin,  etc.  In  this  matter  the  most  serious  question  for 
England  was,  "  Should  she  stand  alone  while  the  other  nations 
advance  in  metric  reform  ? "  Till  last  year  it  could  be  said 
that  in  Europe  perhaps  Denmark  and  Eussia  might  join  us  in 
some  scheme  of  British  units.  That  hope,  however,  vanished 
last  October,  when  the  world  was  officially  informed  at  the 
i'aris  International  Conference  that  Thissia  is  now  steadily 
introducing  the  metric  system,  having  fully  established  it  in 
Finland,  and  that  Denmark  has  completed  her  arrangements  for 
the  same  purpose.  By  these  measures  about  150  millions  of 
people  are  affected.  As  regards  Asia,  also,  an  official  announce- 
ment was  made  that  Japan,  with  its  40  millions  of  people,  has 
in  hand  a  law  for  metric  reform.  China  has  an  official  com- 
mittee considering  the  question.  The  British  Free  Colonies 
have  urged,  with  unusual  asperity,  that  England  should  join 
them  in  adopting  both  the  metre  and  decimal  coinage.  It  was 
said  that  British  workmen  are  "  wedded  to  the  inch,"  and 
particularly  to  the  thousandth  part  of  it. 

Why  would  not  25  millimetres  and  2J  hundredths  of  a 
millimetre  be  efficient  substitutes  ?  Some  schoolmasters  con- 
demn the  metric  system  as  being  so  easy  that  it  deprives 
children  of  useful  exercises  in  tlie  difficulties  of  English 
measures.  According  to  Mr.  A.  J.  Balfour,  the  proper  reply 
was  that  we  should  then  abolish  high  roads  and  take  healthy 
exercise  in  jumping  ditches  ! 

Mr.  Miller,  of  the  Bank  of  England,  has  estimated  that  if 
we  reckoned  money  decimally,  as  the  metric  weights  and 
measures  are  reckoned,  the  Customs  House  alone  would  save 
£20,000  a  year. 

We  may  have  to  wait  a  hundred  years  for  the  metric  system 
unless  a  l)egdnning  be  made  by  some  sort  of  compulsion, 
limited  expressly,  as  above  stated,  to  buying,  selling,  and, 
perhaps,  the  transport  of  goods.     Not  the  least  important  of  the 
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official  reports  at  the  International  Conference  of  last  October 
announced  the  great  success  of  this  method  in  Switzerland, 
whereby  the  metric  system,  after  being  made  familiar  by 
compulsion  in  commerce,  has  been  voluntarily  adopted  by  the 
people  in  manufactures. 

Mr.  D.  G.  Mackerdy  said  that  he  attended  tlie  meeting 
as  representing  the  Society  of  Inspectors  of  Weights  and 
Measures.  His  society  still  very  strongly  upheld  the  introduc- 
tion of  the  metric  system.  About  fifteen  years  ago  he  had  the 
honour  of  reading  a  paper  before  the  Society  of  Inspectors  of 
Weights  and  Measures  at  a  meeting  in  Edinburgh,  and  since 
then  the  matter  had  been  brought  up  from  time  to  time.  His 
society  had  actually  gone  so  far  as  to  introduce  a  Bill  into 
Parliament,  but  they  had  been  unsuccessful  in  getting  the  whole 
Bill  passed  into  an  Act.  Unfortunately,  the  part  of  the  Bill 
relating  to  the  metric  system  had,  like  Jonah,  to  be  thrown 
overboard,  so  as  to  save  the  main  portion  of  the  Act.  The  Act 
to  which  he  referred  was  the  Weights  and  Measures  Act  of  1904. 
Inspectors  of  weights  and  measures  dealt  only  with  the  question 
from  the  point  of  view  of  trade.  Eeference  had  been  made  to 
the  cost  which  would  be  brought  upon  shopkeepers  by  the 
change  from  the  imperial  to  the  metric  system.  That  is,  as 
stated  by  Mr.  Allen,  one  of  the  greatest  obstacles  to  the  intro- 
duction of  this  system.  The  statement  that  the  change  would 
only  affect  weights  was  not  entirely  correct,  for  there  were  such 
things  as  spring  balances,  and  there  were  also  automatic  weigh- 
ing machines,  and  these  would  require  to  be  completely  altered 
if  the  metric  system  were  introduced. 

He  disagreed  with  the  writer  of  the  paper  with  regard  to  his 
statement  that  the  inspectors  of  weiglits  and  measures  made  no 
attempt  to  touch  the  numerous  illegal  local  measures  which  were 
used  in  different  parts  of  the  country.  He  admitted  that  in 
many  districts  commodities  were  asked  for  and  sold  in  terms  of 
customary  local  measures,  but  imperial  measures  were  used,  as 
for  instance,  fruit  in  the  South  of  Scotland  is  sold  by  the  Scotch 
pint  =  ^-gallon.  He  could  assure  the  meeting  that  his  society 
would  very  much  welcome  the  introduction  of  the  metric 
system. 

Mr.  E.  J.  Silcock  said  that  there  was  one  feature  of  the 
case  in  favour  of  a  decimal  system  which  had  not  been  men- 
tioned :  he  referred  to  the  introduction  of  the  decimal  system  in 
relation  to  the  scales  of  plans,  and  particularly  of  maps.  As 
they  all  knew,  the  old  Ordnance  survey  was  published  to  scales 
of  one  inch  to  the  mile,  six  inches  to  the  mile,  and  five  feet  to 
the  mile.  When  the  new  Ordnance  survey  was  being  produced, 
those  scales  were  revised  and  scales  of  -gJtith  and  5 5^00^^^  were 
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adopted.  Those  scales  have  turned  out  to  be  exceedingly  useful. 
The  whole  of  the  areas  which  were  computed  on  the  2.-/00^^^  scale 
were  expressed  in  acres  and  decimals  of  an  acre  to  the  third  place 
of  decimals.  Colonel  Crompton,  in  referring  to  the  matter,  had 
said  that  the  decimal  system  would  cause  confusion  with  regard 
to  the  areas  of  land.  He  (Mr.  Silcock)  could  assure  him  that  no 
such  confusion  had  arisen.  British  farmers  were  probably  the 
most  conservative  of  all  conservative  Britishers,  but  they  had 
adopted  the  decimal  system  for  the  acre.  If  one  took  up  any 
modern  plan  of  farmlands,  he  would  find  the  areas  of  the  fields 
set  out  in  acres  and  decimals  of  an  acre,  and  the  farmer  could 
deal  with  the  decimals,  even  if  he  had  never  seen  them  or  heard 
of  them  on  a  plan  before.  The  same  remark  applied  with  regard 
to  legal  documents.  In  the  more  formal  legal  instruments,  such 
as  conveyances  of  land,  the  scheduled  areas  were  often  given 
both  in  decimals  and  in  the  old  measurements,  but  the  total  was 
usually  brought  out  upon  the  decimal  system,  and  then  reduced 
to  a  final  total  of  so  many  acres  and  so  many  roods  and  perches. 
It  might  interest  the  meeting  to  know  that  on  the  scale  of 
2?>Vo^^^'  one  square  inch  was  as  nearly  as  possible  equal  to  one 
acre.  Therefore,  for  all  rough  purposes,  if  they  wanted  to  take 
out  the  approximate  area,  by  measuring  the  length  and  the 
width  in  inches  they  would  get  the  area  in  acres. 

Correspondence. 

Mr.  A.  S.  E.  Ackermann  wrote,  saying  that  as  one  whose 
work  involved  a  large  percentage  of  calculations,  he  heartily 
supported  the  compulsory  adoption  of  the  metric  system,  and 
had  great  difficulty  in  understanding  how  any  engineers  who 
actually  made  use  of  matliematics  and  calculations  in  connection 
with  their  work  coidd  possibly  do  anything  but  suj)port  the 
compulsory  use  of  a  system  so  admii-able,  simple,  and  labour- 
saving.  The  explanation  of  the  opposition  seemed  to  be 
historical  or  psychological,  for  it  was,  unfortunately,  a  fact  that 
all  reforms  had  been  bitterly  opposed  by  one  section  or  other  of 
the  public,  and  in  many  cases  a  section  that  should  have  known 
better.  For  example,  all  sorts  of  wise  peoi)le  told  George 
Stephenson  that  he  could  never  make  a  locomotive  which  could 
travel  at  a  high  speed  and  pull  heavy  loads ;  that  the  loco- 
motive would  devastate  the  country  around  the  track,  kill  all 
the  cattle  with  fright,  and  that  the  passengers  would  not  be 
able  to  breathe  because  of  the  high  speed  with  which  they 
would  pass  through  the  air ! !  Other  obstructionists  said  that 
the  Atlantic  could  never  be  crossed  by  steam  power.  Thousands 
of  people  in   England  o})posed   the  adoption  of  the  Gregorian 
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Calendar,  and  even  after  it  was  adopted  they  cried  out  "  Give 
us  back  our  eleven  days."  Others  said  that  submarine  cables 
were  absurd,  and  so  forth,  and  even  quite  recently  we  had  heard 
wireless  telegraphy  pooh-poohed  by  a  well-known  engineer 
(interested  in  submarine  cables  !)  as  commercially  impracticable. 

With  regard  to  the  views  of  American  engineers  on  the 
subject,  Mr.  Ackermann  said  he  wished  to  refer  readers  to  the 
''American  Machinist"  of  May  26,  1906,  in  which  it  would  be 
seen  that  the  following  two  resolutions  by  a  Committee  of  the 
American  Institution  of  Electrical  Engineers  on  the  metric 
system  were  submitted  to  the  whole  of  the  members  in  the 
XJnited  States  for  ballot  by  post : — 

"  That  this  committee  unanimously  recommends  the  intro- 
duction of  the  metric  system  into  general  use  in  the  United 
States  at  as  early  a  date  as  possible  without  undue  hardship  to 
the  industrial  interests  involved. 

'*  Resolved. — That  this  committee  favours  such  legislation  by 
Congress  as  shall  secure  the  adoption  of  the  metric  system 
by  each  department  of  the  National  Government  as  speedily  as 
may  be  consistent  with  the  public  welfare." 

The  total  number  of  members  invited  to  vote  was  3300,  and 
the  result  was  as  follows : — 

In  favour  of  the  resolution  .  .  .  .      1569 

Against  the  resolution      .  .  .  .  .  .        178 


Total  vote 1747 

Majority  in  favour  of  the  metric  system,  1391. 
The  writer  stated  that  he  wished  to  call  attention  also  to 
a  most  admirable  article  on  "  The  Advantages  of  the  Metric 
System,"  by  George  Moores,  which  appeared  in  the  October 
1902  number  of  the  "  Empire  Eeview,"  published  by  Macmillan 
and  Co.  Mr.  Moores  is  now  Secretary  of  the  British  Weights  and 
Measures  Association,  and  in  trying  to  explain  away  his  some- 
what altered  views,  it  was  reported  that  he  says  there  is  a  time 
when  one  swears  hy  the  metric  system,  and  later  on  a  time 
when  one  swears  at  it.  This  witticism,  however,  was  not 
sufficient  to  explain  away  the  admirable  arguments  used,  and 
still  less  the  actual  facts  mentioned  by  Mr.  Moores  in  his 
article.  For  example,  he  says  on  page  263  of  the  "  Empire 
Keview  "  that,  "  in  Sunderland  a  bushel  of  corn  equals  46  lb. ; 
in  Shropshire,  72  to  75  lb.  ;  in  Hereford,  63  lb.  ;  in  Newtown, 
80  lb. ;  in  Cornwall,  240  lb.  A  stone  of  live  meat  is  14  lb. ; 
dead  meat,  8  lb. ;  cheese,  16  lb.  ;  glass,  5  lb.  A  fodder  of 
lead  at  London  and  Hull  is  19 J  cwt.,  at  Newcastle  it  is 
21i  cwt.,  whilst  at  Derby  it  is  22J  cwt.     I  could  give  x>ages  of 
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such  incongruities.  Why,  in  weighing  corn  alone,  there  are 
over  200  different  weiglits  used,  whilst  of  measures  for  selling 
it  by  measure,  there  seems  to  be  no  end."  Mr.  Moores  also 
gave  the  following  quotation  from  the  late  Sir  Benjamin  Baker, 
the  eminent  engineer  :  "  I  am  equally  familiar  with  both 
systems  in  consequence  of  having  carried  out  works  abroad, 
and  when  I  return  to  this  country  from  such  work  and 
experience  of  the  metric  system,  I  think  there  is  nothing  more 
foolish  in  this  world  than  our  weights  and  measures."  Other 
ridiculous  examples  of  the  so-called  British  "  system "  are  as 
follows  : — 

There  are  437i  grains  to  1  ounce  avoirdupois.  A  "drachm  " 
is  not  equal  to  a  "  dram,"  though  the  words  are  pronounced 
alike.  A  butt  of  wine  varies  with  the  kind  of  v:inc  (! !),  while  a 
gallon  contains  277*274  cubic  inches. 

The  metric  system  was  so  simple  tliat  the  whole  of  the  more 
usual  uiuts  and  their  inter-rehationship  might  be  learned  in  a  few 
bours,  wliereas  it  was  highly  doubtful  whether  any  English  man 
or  woman  had  ever  lived  who  knew  the  whole  of  the  British 
"  system."  Mr.  Ackermann  stated  that  in  March  1907  he  had 
some  correspondence  with  Mr.  ]\Ioores,  Secretary  of  the  British 
Weiiijhts  and  Measures  Association,  in  which  Mr.  Moores  set 
him  a  very  simple  problem,  namely  : — 

"  Given  the  fact  that  a  cubic  decametre  is  equal  to  1,000,000 
cubic  decimetres,  how  many  litres  are  there  in  a  barrel  of 
wane  ?  " 

To  this  Mr.  Ackermann  replied  : — 

"  On  looking  up  the  definition  of  '  barrel '  in  Lloyd's  Ency. 
Die,  I  find,  '  In  one  for  holding  liquids,  the  capacity  is  usually 
from  30  to  45  gallons,'  lience  before  I  can  answer  your  question 
it  will  be  necessary  for  you  to  select  a  definite  number  of 
gallons.  Supposing  you  select  the  mean  of  the  above  values, 
viz.  374  gallons  =  300  pints,  and  that  you  had  not  omitted  in 
your  question  to  give  any  connecting  link  between  the  metric 

system  and  the  British  ^  '  ,  then  apparently  the  problem 

reduces  to  ^  =170*4  litres. 

1- /60/ 

(By  slide-rule,  with  a  probable  error  of  ^^^  per  cent.) 

As  your  question  stands,  it  appears  to  ])e  of  the  order  '  If  a 

herring  and  a  half  cost  1 J^.,  what  will  a  ton  of  coals  come  to  ? ' 

*'  With  your  knowledge  of  British  weights  and  measures, 
j)erhaps  you  will  vjork  out  the  following  prol)lems  : — 

"(I)  If  (»n(3  imperial  gallon  =  277*274  cubic  inches,  and  03 
gallons  of  Marsala  =  1  pi^ie.  then  how  many  grains  are  there 
in  a  bushel  of  wheat  ? 
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"  (2)  Given  that  62  •  726  square  inches  =  1  square  link, 
that  2-295  links  =  1  square  foot,  and  that  1  metre  =  39*37079 
inches,  liow  many  square  links  are  there  in  1  '  are '  ? " 

Though  there  was  a  little  further  correspondence,  Mr.  Moores 
never  worked  out  either  of  the  problems !  It  should  be  noted 
in  the  foregoing  problems  that  the  relations  requiring  three 
places  of  decimals  to  express  them  are  between  British  units. 

In  conclusion,  the  writer  wished  to  call  attention  to  a  most 
excellent  pamphlet  (price  3^.),  published  by  the  Decimal 
Association,  of  Salisbury  House,  E.G.,  entitled  "  The  Metric 
System;  a  Eeply  to  the  late  Mr.  Herbert  Spencer,"  by 
Joseph  H.  van  Biene. 

Mr.  W.  C.  Wedekind  wrote  saying  that  one  speaker  had 
asked  ^vhy  it  was  that  a  small  minority  had  achieved  such  small 
success  in  convincing  the  large  majority  of  tlie  advantages  of  the 
metric  system.  If  he  would  assume  that  the  coast-line  of  this 
"  tight  little  island "  does  not  confine  all  the  intelligence  to 
which  the  metric  system  applies — and  one  of  the  greatest  aims 
of  the  system  was  to  provide  an  international  system — the 
wonder  was  that  the  small  minority  of  opponents  held  back  in 
the  face  of  the  immense  majority  who  are  quite  satisfied  that 
they  benefit  by  the  metric  system,  and  who  are  utterly  indifferent 
to  the  minority  who  prefer  to  ignore  the  benefits  offered  by  the 
system  advocated  by  the  author  of  the  paper. 

If  we  analysed  tliis  minority  of  opponents,  the  vast  majority 
were  not  opponents  of  the  metric  system,  but  were  simply 
ignorant  of  it  and  all  it  means.  If  Colonel  Crompton  were 
satisfied  to  work  to  yards,  feet,  inches,  and  thousandths  of  an 
inch,  by  all  means  let  him  do  so,  but  that  was  no  reason  either 
for  or  against  the  adoption  of  the  metric  system.  He  would  not 
have  us  believe  that,  even  among  mechanical  engineers,  anything 
but  a  very  small  minority  work  to  anything  less  than  ^2,  ^^  ^^ 
the  outside  ^^  of  an  inch,  and  have  no  use  whatsoever  for  10"  00 
of  an  inch.  But  how  could  he  advocate  the  use  of  jq^oo  ^^^^^ 
wlien  he  started  by  putting  all  the  blame  of  all  this  commotion 
down  to  the  "abominable"  system  of  decimals?  Colonel 
Crompton  wanted  to  know  how  the  friends  of  decimals  proposed 
to  deal  with  recurring  decimals.  If  his  particular  trouble  was 
say,  0  3  inch,  and  he  would  give  him  0'333  inch,  he  would  be 
quite  content  to  let  Colonel  Crompton  "keep  the  change,"  and 
as  long  as  liis  customer  was  satisfied  what  more  could  any  one 

want?  Anybody  who  thinks  of  y-o^oo  ^^^^'  ^^  ^^^^^  ^^^-^  ^^^^ 
condemned  the  present  system,  for  did  he  not  thereby  admit 
that  in  his  opinion  the  unit  of  one  inch  is  a  thousand  times  too 
big  for  him  ?  Mr.  Wedekind  said  he  liad  tried  botli  systems,  and 
found  the  metric  system  of  enormous  benefit.     For  all  this  he 
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had  come  that  evening  hoping  to  liear  some  good  solid  reasons 
in  favour  of  our  present  system,  but  he  went  away  unconverted, 
for  never  had  he  witnessed  such  "  beating  of  the  air."  He  had 
heard  that  decimals  were  an  abomination,  and  thousandths  of  an 
inch,  nay,  ten-thousandths  of  an  inch,  excellent  institutions,  and 
he  was  amazed  but  unconvinced.  What  he  did  not  hear  was 
enougli  of  the  advantages  which  the  use  of  the  metric  system 
bestow.  It  was  not  a  question  of  a  unit  of  lineal  measurement, 
but  the  wonderful  facility  of  expressing  any  quantity,  whether 
of  length,  area,  or  mass,  either  in  kind  or  value,  and  above  all 
the  charmingly  simple  relation  of  any  one  of  these  expressions 
to  any  other. 

If  only  that  were  realised  by  that  unfortunate  minority  whom 
tlie  "  shrieks  "  of  the  altruistic  members  of  the  majority  have 
not  yet  reached,  and  who  are  blissfully  ignorant  of  what  they 
are  depriving  themselves  of,  the  wilfully  ignorant  would  very 
soon  enjoy  a  distinction  in  which  they  might  be  left  to  revel  to 
their  hearts'  content,  that  of  being  interesting  specimens  of  rare 
liumanity,  to  be  pitied  for  their  sore  aflfiction  of  that  worst  kind 
of  blindness  which  deprived  them  of  the  wish  to  see. 

Writing  of  his  own  experience  of  both  systems,  Mr.  Wedekind 
said  that  when  he  first  went  abroad  and  joined  the  engineering 
st[ifr  of  a  large  machine  tool  works  in  Germany,  the  first  thing  he 
had  to  do  was  to  throw  away  his  1  inch  to  1  foot,  2  inches  to 
1  foot,  3  inches  to  one  loot,  and  all  the  other  scales,  and  replace 
them  by  a  metre  rule,  price  2d.  He  was  then  fully  equipped  as 
far  as  rules  and  scales  were  concerned.  All  the  beautiful  tables 
of  weights,  with  all  tlieir  charm  of  ])rinters',  not  to  mention 
authors'  eiTors,  were  replaced  l)y  tlie  speciilc  gravity  of  cast  iron, 
wrought  iron,  steel  and  bronze,  which  he  engraved  in  his  mind 
and  had  never  had  to  hunt  for  since,  nor  change  for  newer  and 
better  editions.  That  done,  he  was  as  much  at  home  with  the 
new  system  as  the  old,  and  a  far  better  worker,  for  being 
sudd<'nly  rc^lieved  of  a  load  lie  had  l)een  carrying  about  and  the 
weight  of  which  he  had  never  realised  until  it  was  taken  otl'  his 
shouMers. 

When  he  thought  of  some  of  those  drawings  which  he  got 
out,  with  their  mass  of  dimensions,  all  in  units  with  a  quite 
occasional  0*5  mm.,  he  positively  shud(k?re(l  to  think  of  re- 
placing a  string  of  them  by  feet,  inches,  and  fractions  of  inches, 
and  more  often  than  not  a  delightful  little  group  such  as  2  feet, 
ll'f^'^2  J"<''»6S,  and  having  to  add  them  up  and  tally  them  with 
several  otlier  strings.  The  tiling  had  to  be  seen  to  be  realised 
in  all  its  hoiTor,  when  instead  of  2,  or  3,  or  5,  one  had  to  tind 
room  on  a  drawing  for  such  figures  as  ^^.^  inch,  J  inch,  and 
^h  i^ch. 

The  weight  of  every  piece  of  a  machine  had  to  be  calculated, 
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but  with  a  slide  rule  and  the  specific  gravity  of  the  respective 
metal,  the  most  grotesque  casting  offered  no  trouble  whatever. 

From  Germany  he  went  to  Paris,  and  was,  of  course, 
perfectly  at  home  from  the  first  moment.  Later  he  went  to 
Spain,  and  again,  absolutely  the  same  conditions  obtained.  On 
his  return  to  London,  when  engaged  on  constructional  steel- 
work designs  for  tall  buildings,  and  ferro-concrete  work,  he  did 
not  go  back  to  scales  and  tables.  If  he  wanted  to  find  the 
stress  on  any  girder  or  stanchion,  the  bending  moment  of  any 
load  on  an  unequally  loaded  girder,  the  neutral  axis  of  any  re- 
inforced floor,  or  a  centre  of  gravity,  it  was  with  a  metre  rule 
and  dividers  that  he  did  it.  Many  rolling  mills  gave  the  safe 
loads  for  their  joists,  but  whereas  the  mills'  object  was  to  sell 
their  particular  sections,  his  object  was  to  design  the  lightest, 
i.e.  cheapest,  or,  rather,  most  economical  construction,  and  so 
instead  of  determining  which  factor  of  safety  the  maker  of  any 
particular  section  has  used,  or  upon  what  tensile  strength  of 
steel  he  was  basing  his  tables  (which  might  differ  from  other 
makers  and  need  not — to  cut  out  some  one  else — necessitate  his 
guaranteeing  the  tenacity  of  his  steel  to  be  say  32  tons  per 
square  inch  in  every  charge  merely  because  his  tables  were 
based  on  that  figure),  he  simply  calculated  the  safe  load  for  any 
given  section,  and  it  did  not  matter  whether  it  was  a  British  or 
foreign  section.  There  were  no  empirical  formulae  required 
under  such  circumstances,  but  merely  good  sound  fundamental 
scientific  formulae  that  you  might  stake  your  reputation  on. 

In  railway  work,  what  would  the  permanent  way  cost  for 
any  given  gauge  and  weight  of  rail  ? — Take  the  rails  alone  and 
compare :  One  mile  of  track  of  45  lb.  rails  at  £6  3s.  6d.  per  ton 
^  45^x  2  X   1760  X   123-5       ^     ^j^^  ^^^^^^.^^^^  ^^^^^^^   ^^^^ 

£2240  X  20  -^ 

kilometre  of  track  woukl  cost  (for  45  kg.  rails  at  123*50  francs 
per  1000  kg.)  2  x  45  x  123*50  francs  (or  marks  or  lires)  = 
11,115  francs,  because  if  one  metre  weighs  45  kilogrammes,  one 
kilometre  weighs  45  tons. 

Other  instances  could  be  given  wliere  the  metrical  system 
had  become  absolutely  indispensable  to  him,  from  calculating 
the  percentage  return  on  any  given  capital  outlay  for  the 
manui'acture  oi'  any  given  quantity  of  finished  product  based  on 
the  market  ])rice  of  the  raw  material,  to  the  thickness  of  the 
spars  required  in  a  trestle  bridge  to  carry  an  artillery  train  over 
a  river,  or  the  amount  of  guncotton  to  blow  down  a  stockade,  or 
blow  up  a  regiment. 

The  President,  in  calling  up  Mr.  Allen  to  reply,  said  that, 
at  that  late  hour,  it  was  impossible  for  the  author  to  reply  in 
full,  but  he  would  refer  to  one  or  two  points,  and  give  a 
complete  reply  in  writing. 
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Reply. 

Mr.  Arthur  H.  Allen  said  that,  when  he  said  in  his  paper 
tliat  British  standards  iiiiglit  be  made  to  the  nearest  millimetre, 
he  \vas  thinking  not  of  tlie  Engineering  Standards  Committee, 
but  of  the  standard  parts  of  machines,  the  outside  dimensions  of 
bearings  and  so  on — matters  which  were  of  no  consequence 
whatever  to  a  millimetre  or  two.  He  pointed  out  on  the  otlier 
hand  that  in  the  Engineering  Standards  Specification  to  which 
Colonel  Crompton  referred,  the  decimals  were  carried  to  ten- 
thousandtlis  of  an  inch,  showing  that  the  use  of  the  decimal 
measurements  was  already  practised. 

As  to  the  difficulty  of  using  decimals  in  connection  with 
engineering  manufacturing,  which  was  quoted  against  the 
metric  system,  the  best  answer  was  to  point  to  the  countries 
where  people  were  using  the  metric  system  most  successfully  in 
manufacture,  such  as  Germany.  Many  English  engineering 
firms  had  adopted  the  metric  system  wholly  or  partially,  but 
the  reason  why  English  and  American  firms  did  not  take  it  up 
more  largely  was  because  they  thought  that  such  a  change  ought 
to  be  simultaneous  throughout  the  country.  They  might 
remember  the  familiar  post-card  :  "  When  father  says  '  Turn,' 
we  all  turn  "  ;  they  were  waiting  till  father  said  *  Turn.'  " 

With  regard  to  the  matter  which  was  said  to  be  a  libel  on 
Armstrong,  Whitworth  and  Company,  namely  the  use  of  "  bare  " 
and  "  full "  allowances,  Colonel  Crompton  mentioned  that  thirty 
years  ago  Messrs.  Armstrong  had  changed  over  to  measurements 
in  thousandths  of  an  inch ;  but  he  (the  author)  had  said  in  the 
paper  that  they  had  changed  over  forty  years  ago. 

There  was  another  point.  It  used  to  be  said  that  parts  of 
machines  made  to  metric  and  inch  measurements  could  not  be 
made  interchangeable.  He  (the  author)  had  mentioned  that 
tliey  could  be  made  interchangeable  ;  and  Colonel  Crompton 
appeared  to  refer  to  that  as  an  argument  against  the  change  to 
the  metric  system  ! 

He  was  very  mucli  indebted  to  the  Meeting  for  the  kind  way 
in  which  they  liad  receiv^ed  the  paper. 

In  a  writti^n  communication,  the  author  stated  in  reply  to 
the  President,  that  the  present  Chancellor  of  the  Exchequer 
was,  unfortunately,  opposed  to  the  compulsory  adoption  of  the 
metric  system  ;  but  this  was  evidently  due,  at  least  in  part,  to 
his  being  misinformed,  for  he  had  made  statements  regarding 
the  adoption  of  the  system  in  France  which  were  not  in  accord- 
ance with  facts  that  l)een  estal)lislied  l)eyond  dispute.  He  was 
much  indebted  to  Frolessor  I  Joys  for  his  valuable  evidence  as  to 
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the  practical  merits  of  the  metric  system,  which  corroborated 
the  statements  in  the  paper.  With  further  reference  to  Colonel 
Crompton's  remarks,  the  difficulty  suggested  with  regard  to 
repeating  decimals,  was  purely  academical ;  it  was  rarely  neces- 
sary to  use  more  than  two  decimal  places  (hundredths  of  a 
millimetre)  in  engineering  measurements,  and  the  maximum 
error  due  to  taking  the  nearest  figure  in  the  second  place  could 
not  exceed  0*005  mm.,  or  0*0002  inch.  Moreover,  precisely 
the  same  difficulty — if  it  existed — must  necessarily  be  met  with 
in  using  thousandths  of  an  inch,  as  was  done  in  almost  eveiy 
British  or  American  engineering  workshop  with  any  pretensions 
to  accuracy  of  workmanship.  As  for  the  supposed  preference 
for  the  number  12,  he  was  unable  to  detect  it  in  practice. 
Apart  from  the  division  of  the  foot  into  12  inches,  and  the  prac- 
tically obsolete  troy  pound  into  ounces,  the  number  did  not 
occur  in  any  set  of  British  measures  with  which  he  was 
acquainted.  Twelfths  of  an  inch  were  hardly  ever  used ;  the 
binary  division  was  far  more  common,  but  it  had  in  modern 
practice  been  superseded  by  the  decimal  division,  as  stated  by 
Colonel  Crompton,  even  where  the  English  inch  was  still 
retained.  Eeferring  to  the  mensuration  of  land,  the  advocates 
of  the  metric  system  did  not  propose  to  alter  areas,  but  only  the 
units  in  which  they  were  measured ;  new  title-deeds  could  be 
drawn  up  in  metric  units  as  easily  as  in  acres,  poles,  etc. — in 
fact,  much  more  easily— and  existing  deeds  need  not  be  touched. 
The  remarks  of  Major  Hardy  and  Mr.  Twigg  were  exceedingly 
interesting,  and  in  harmony  with  the  views  expressed  in  the 
paper.  As  Mr.  Mackerdy  had  pointed  out,  spring  balances,  etc., 
would  require  alteration,  but  this  would  in  many  cases  apply 
only  to  the  dials ;  the  internal  mechanism  would  be  as  applic- 
able to  the  new  units  as  to  the  old,  and  the  range  of  measurement 
would,  of  course,  remain  unchanged.  liegarding  Mr.  Silcock's 
extremely  useful  contribution  to  the  discussion,  wliich  supported 
the  author's  claims  on  behalf  of  the  convenience  of  the  decimal 
system,  he  might  point  out  that  plans  prepared  on  a  scale  of 
.^00  ^^  2^00  ^'6re  independent  of  the  system  of  units,  and  could 
be  used  as  easily  with  metric  units  as  with  English.  Mr. 
Ackermann's  remarks  went  far  to  illustrate  the  absurdity  of 
the  existing  British  measures.  Mr.  Wedekind  also,  speaking 
from  experience,  amply  bore  out  the  author's  contention  tliat 
the  metric  system  was  immensely  easier  to  use  in  practical 
calculations  of  all  kinds.  It  was  gratifying  to  observe  that 
the  tendency  of  tlie  discussion  was  almost  wholly  favourable 
to  the  ^'iews  which  the  author  had  been  permitted  to  submit  to 
the  Societv's  criticism. 
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As  usual,  three  Visits  to  Works  were  made  during  the  summer 
vacation  and  descriptions  of  these  follow. 

The  Xatioxal  Physical  Laboratory. 

By  kind  permission  of  Dr.  E.  T.  Glazebrook,  MA.,  F.E.S., 
the  Director,  the  members  of  the  Society  of  Engineers  paid 
a  visit  to  the  National  Physical  Laboratory,  Teddington,  on 
Saturday,  June,  27,  1908. 

They  first  visited  the  engineering  department,  which  was 
housed  in  a  large  building  of  four  bays,  and  the  power  station, 
various  smaller  rooms  for  special  testing  machines,  photomicro- 
graphic  work,  etc.,  and  offices. 

Here  were  shown  various  machines  for  the  testing  of  metals 
under  repeated  stresses,  which  are  employed  in  researches  carried 
out  at  the  laboratory.  They  included :  An  alternating  stress 
testing  machine,  giving  1200  reversals  a  minute;  an  impact 
testing  machine  for  reversals  of  bending  stress  in  a  notched 
specimen ;  an  impact  testing  machine  for  reversals  of  direct 
stress  in  a  plain  specimen ;  and  a  new  fatigue  testing  machine. 
Among  the  apparatus  on  view  may  also  be  mentioned  the 
following:  A  1-ton  testing  machine  with  compound  knife  edges 
to  produce  tension  or  compression  without  moving  the  specimen; 
an  abrasion  testing  machine ;  a  100-ton  and  a  10-ton  Buckton 
testing  machines ;  apparatus  for  testing  pressure  gauges,  and  for 
determining  the  specific  heat  of  superheated  steam. 

The  standard  scre^v  lathe,  for  correcting  leading  screws  of 
lathes,  was  also  shown.     This  was  in  a  separate  building. 

In  the  electrotechnical  building  were  seen  various  apparatus 
and  machines  for  alternating  current  instrument  tests,  and  the 
equipment  for  testing  ammeters,  voltmeters  and  supply  meters, 
water-tube  regulating  resistances  for  high  current  work,  arrange- 
ments for  testing  resistance  boxes,  insulation  resistances  and  low 
resistances,  etc.  The  photometry  department  was  housed  in 
this  building,  and  the  apparatus  fur  the  measurement  of  the 
candle-power  of  various  sources  of  light,  with  the  arrangements 
for  life-tests  of  electric  glow  lamps  were  shown. 
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Bushy  House,  the  main  building  of  the  laboratory,  was 
originally  the  official  residence  of  the  Eanger  of  Bushy  Park. 
After  the  death  of  King  William  IV.,  Queen  Adelaide  lived 
there  until  1849,  when  it  passed  to  the  Due  de  Nemours. 

On  entering  Bushy  House,  the  party  divided,  and  the  follow- 
ing departments  and  apparatus  were  shown : — 

In  the  Metallurgy  Beigartment. — Various  melting  and  heating 
furnaces,  with  apparatus  for  the  measurement  of  high  tempera- 
tures, and  for  obtaining  cooling  curves.  Apparatus  for  grinding 
metals  in  vacuo.  Apparatus  for  the  microscopic  study  of 
metals. 

In  the  Metrology  Department. — Comparators  for  the  accurate 
comparison  of  line  standards  of  length,  and  the  calibration  of 
scales.  Tape  measuring  apparatus.  Hartmann  automatic  and 
other  comparators  for  end  gauges.  Apparatus  for  measuring 
screws.     Various  scales,  gauges,  and  templates. 

Tide-2oredicting  Machine,  used  for  the  preparation  of  the 
Indian  tide  tables. 

Electricity  Department. — Ampere  Balance. 

The  visit  terminated  about  5  o'clock,  and  the  party  then 
adjourned  for  tea  to  the  lawn  of  the  Anglers'  Hotel,  Teddington 
Lock. 

The  Whitefriars  Glass  Works. 

By  kind  permission  of  Messrs.  James  Powell  and  Co.,  the 
members  of  the  Society  of  Engineers  paid  a  visit  to  the  White- 
friars Glass  Works,  Tudor  Street,  E.C.,  on  Tuesday,  July  14, 
1908. 

In  the  Mixing  Eoom  the  raw  materials  of  glass  were  found, 
showing  among  other  things  the  formation  of  lead-glass  and 
soda-lime  glass. 

The  Pot  Eoom  was  visited,  and  in  it  was  seen  a  stock  of 
finished  crucibles,  as  well  as  some  in  course  of  being  built  up 
rod  by  rod.  The  crucibles  were  in  the  shape  of  a  beehive,  with 
a  semicircular  opening  near  the  top,  and  on  entering  the  Glass 
House  these  semicircular  openings  were  seen  peering  out  from 
the  circumference  of  the  furnace,  and  served  for  the  introduction 
of  raw  materials  and  other  purposes.  The  goods,  when  finished 
by  the  workman,  are  slowly  cooled  or  "annealed,"  either  by 
being  gradually  moved  away  in  iron  pans  from  a  fixed  source  of 
heat  in  the  "  bars,"  or  by  being  placed  in  a  chamber  or  "  kiln," 
in  which  the  source  of  heat  is  allowed  gradually  to  die  out. 
The  Weighing  Eoom  was  next  visited,  where  every  imperfect 
piece  is  broken  and  put  aside  for  remelting,  while  every  perfect 
piece  is  passed  on  to  the  Cutting  Shop.     In  this  shop  it  was 
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extremely  interesting  to  watch  the  process  of  decorative  cutting 
by  means  of  iron  or  stone  wheels,  fed  respectively  with  sand 
mixed  with  water,  and  with  water  alone. 

The  Sheet-Glass  Cutting  Shop  was  also  visited,  where  the 
glass  is  cut  either  with  a  diamond  or  a  small  steel  wheel. 

Other  departments  were  visited,  where  demonstrations  of  the 
various  work  were  given,  and  in  which  the  members  were 
greatly  interested,  the  visit  terminating  about  5 .  30  p.m. 


The  Admiralty  Harboue,  Dover. 

A  visit  was  made  by  the  President — Mr.  J.  W.  Wilson — and 
a  number  of  members  of  the  Society  of  Engineers,  on  Tuesday, 
September  22,  1908,  to  the  works  of  the  Xew  Admiralty 
Harbour  at  Dover,  which  were  inspected  by  the  permission  of 
the  Admiralty,  and  the  visitors  were  under  the  guidance  of 
Messrs.  Coode,  Son  and  Matthews,  the  engineers,  and  Messrs. 
S.  Pearson  and  Son,  Ltd.,  the  contractors. 

The  historical  portion  of  the  following  description  of  the 
works,  and  the  plan,  have  appeared  in  the  Engineer. 

The  nucleus  of  the  present  work  is  the  Old  Admiralty  Pier. 
Practically  the  history  of  the  harbour  dates  from  the  year  1840, 
when  a  Eoyal  Commission  was  appointed  to  survey  the  harbours 
on  the  South-East  Coast.  This  Commission  recommended  the 
plan  of  a  harbour  at  Dover  formed  by  a  breakwater  running 
practically  parallel  with  the  land,  and  at  an  average  distance  of 
1000  yards  from  the  shore,  and  by  two  arms  projected  from  the 
land  towards  the  eastern  and  western  extremities  of  this  break- 
water. The  estimated  cost  of  the  proposed  works  was  2,000,000^. 
Almost  immediately  after  this  Commission  had  reported — 
namely,  in  the  year  1844 — another  Commission  was  appointed 
to  report  as  to  whether  it  was  desirable  that  a  harbour  of  refuge 
should  be  constructed  in  the  Channel,  and  what  site  would  be 
most  eligible,  having  regard  to  accessibility,  to  its  use,  if  neces- 
sary, for  armed  vessels,  and  to  the  facilities  for  defending  itself 
which  it  possessed.  This  Commission  concun-ed  in  pronouncing 
a  favourable  opinion  on  Dover  as  a  harbour  of  refuge.  They 
were,  however,  uncertain  as  to  the  suitability  of  the  ground  for 
anchorage  purposes,  and  raised  the  question  as  to  the  possibility 
of  the  harbour  silting.  Tlie  first  point  was  put  at  rest  by  the 
emphatic  testimony  as  to  the  excellence  of  the  ground,  from  an 
anchorage  point  of  view,  of  Captain  Washington  in  command  of 
H.M.S.  Blazer. 

With  regard  to  the  question  of  silt,  a  further  Commission 
appointed  in  1845  to  consider  plans  submitted  by  eight  of  the 
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leading  engineers  of  the  day  as  to  the  form  and  construction  of 
the  harbour, /eported  that  "  if  liability  to  silt  were  deemed  an 


objection  it  would  be  idle  to  attempt  such  works  on  any  part  of 
our  coast."     This  Commission  practically  confirmed  the  report 
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of  the  1844  Commission  as  to  the  form  of  the  proposed  harbour. 
As  a  result,  the  contract  for  the  Admiralty  Pier  was  let  in  1847. 
The  structure  was,  save  for  a  small  addition  to  its  seaward  end, 
completed  in  1871.  Its  total  length  is  2000  feet.  Nothing 
further  was  done  towards  completing  the  harbour,  however,  in 
spite  of  the  fact  that  in  1881  a  Committee  appointed  to  report 
on  the  employment  of  convicts  suggested  the  building  of  a  prison 
on  the  East  Cliff  and  the  employment  of  convict  labour  to  build 
a  pier  and  breakwater  at  Dover  so  as  to  form  with  the  Admiralty 
Pier  a  large  harbour  similar  to  that  at  Portland. 

The  Admiralty  Pier  afforded  very  fair  protection  against  a 
south-westerly  gale,  but  with  a  south-easterly  gale  the  pier  was 
exposed  on  both  faces,  with  the  result  that  serious  delay  and 
inconvenience  was  felt  while  these  winds  were  blowing.  Seeing 
that  nothing  was  done  by  the  Admiralty,  the  Dover  Harbour 
Board  decided  in  1890  to  construct  a  small  harbour  of  their  own. 
which  work  was  sanctioned  by  Parliament  in  the  following  year. 
The  work,  which  has  been  slightly  modified  by  the  later  decision 
of  .the  Admiralty  to  build  the  larger  harbour,  is  shown  in  the 
plan,  and  is  marked  Commercial  Harbour.  The  proposed  pier, 
reclamation  and  lock  have  not,  as  yet,  been  constructed,  nor  is 
the  whole  of  the  other  work  yet  completed. 

Towards  the  end  of  1895  the  Admiralty  instructed  Messrs. 
Coode,  Son  and  Matthews  to  prepare  plans  for  a  large  enclosed 
harbour.  As  a  result  the  following  recommendations  were 
made :  (1)  That  the  Admiralty  Pier  should  be  extended  2000 
feet  in  an  east-south-easterly  direction,  practically  doubling  its 
leogth.  (2)  That  an  east  arm,  commencing  a  few  hundred  feet 
to  the  east  of  the  eastern  boundary  wall  of  the  convict  prison, 
should  be  run  in  a  direction  approximately  south  by  west  for  a 
distance  of  3320  feet.  (3)  That  an  isolated  breakwater  4200 
feet  in  length  should  run  generally  west  by  south  and  east  by 
north,  but  turning  towards  the  north  at  its  eastern  end,  and 
should  form  the  southern  protecting  arm.  These  recommenda- 
tions are  all  shown  on  the  accompanying  plan.  The  average 
depth  at  low  water  of  ordinary  spring  tides  on  the  line  of  the 
southern  breakwater  is  42  feet.  In  addition  it  was  recommended 
to  reclaim  21  acres  of  the  foreshore.  The  suggested  arrangement 
of  breakwaters  left  an  entrance  of  600  feet  in  width  between  the 
east  arm  and  the  south  breakwater,  and  an  entrance  800  feet 
wide  between  the  extended  head  of  the  Admiralty  Pier  and  the 
south  breakwater.  Both  entrances  have  a  depth  of  about 
seven  fathoms  at  low  water  of  spring  tides,  which  rise  18  feet 
9  inches. 

These  proposals  were  accepted,  and  the  contract  for  the  con- 
struction of  the  harbour  was  let  in  1897  to  Messrs.  S.  Pearson 
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and  Son.  The  total  length  of  the  sheltering  works  to  be  con- 
structed is  9520  feet,  and  the  area  enclosed,  exclusive  of  the 
Commercial  Harbour  belonging  to  the  Dover  Harbour  Board, 
will  be  610  acres  at  low  water,  322  acres  being  outside  the 
five-fathom  line,  and  171  acres  outside  the  six-fathom  line.  The 
project  put  forward  by  the  1840  Commission  embraced  a  har- 
bour containing  a  total  of  450  acres,  of  which  320  acres  would 
have  been  seaward  of  the  two-fathom  line.  We  may  here 
mention  that  the  area  of  the  Commercial  Harbour,  which  was 
originally  to  be  56  acres,  will,  when  the  works  are  completed 
as  altered,  be  75  acres.  It  will  be  seen  that  the  end  of  the 
Admiralty  Pier  extension  is  some  400  feet  to  500  feet  south  of 
the  western  end  of  the  south  breakwater.  This  arrangement  has 
been  made  with  the  object  of  helping  vessels  entering  the 
harbour  when  the  tide  is  setting  eastwards  at  its  greatest 
velocity.  At  such  times  the  speed  of  the  current  is  nearly  four 
knots.     It  will  also  be  useful  during  south-westerly  gales. 

The  works  were  to  be  completed  in  ten  years,  or  at  the  end 
of  1907,  and  although  at  one  time  there  was  every  prospect  of 
this  being  done,  from  unforeseen  causes  which  arose  as  the  work 
progressed,  damage  done  by  shipping,  and  various  additional 
works,  it  will  still  be  some  months  before  they  are  finally 
completed. 

The  Admiralty  Pier  Extension  and  East  Arm  are  completed 
and  during  next  summer  the  South  Breakwater  will  be  so  nearly 
finished  that  the  viaduct  spanning  the  east  entrance  will  be 
removed,  the  larger  part  of  the  reclamation  will  be  cleared  and 
utilised  by  the  Admiralty  as  a  naval  yard,  provision  being  made 
for  a  submarine  flotilla,  so  that  for  all  practical  purposes  the 
harbour  may  be  ready  for  service  next  summer. 

In  its  present  state  it  is  difficult  to  realise  the  magnitude  of 
the  temporary  works  which  were  necessary  to  put  in  place  the 
1,500,000  cui3ic  yards  of  concrete  and  the  3,000,000  cubic  feet 
of  granite.  To  do  this  4f  miles  of  double  line  railway  track 
has  been  built  on  staging  in  the  open  sea,  subject  to  whatever 
the  weather  offered,  the  plant  to  handle  this  material  having 
reached  at  one  time  2500  tons.  The  losses  due  to  the  action 
of  the  sea,  both  to  permanent  and  temporary  work,  have  been 
very  small.  A  worse  enemy  to  progress,  and  one  which  is 
always  present,  has  been  the  tidal  currents,  as  they  so  limit  the 
time  in  which  divers  can  work,  and,  of  course,  the  tidal  rise  and 
fall  interfere  with  all  work  between  high  and  low  water.  Under 
these  conditions  a  short  visit  might  be  paid  to  the  works,  even 
when  in  full  progi-ess,  without  seeing  any  work  being  carried  on, 
or  but  little  of  any  great  interest. 

In  addition  to  what  can  be  seen  of  the  breakwaters  above 
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water  is  an  apron  all  round  the  outer  toe,  consisting  of  concrete 
blocks  of  about  12  tons  each,  covering  a  width  of  25  feet  for 
protection  against  undermining. 

The  Harbour  Board  are  about  to  have  constructed  a  widening 
of  the  shore  end  of  the  Admiralty  Pier,  on  which  a  large  station 
is  to  be  built  for  dealing  with  the  cross  channel  traffic,  and  also 
a  timber  staging  800  feet  long  and  20  feet  wide  alongside  the 
Admiralty  Pier  Extension  for  the  use  of  the  Atlantic  liners, 
with  a  passenger  shelter  and  platform  adjoining. 

With  these  additions,  and  the  Naval  Harbour  in  use,  Dover 
should  become  an  important  shipping  port. 

The  works  are  being  executed  under  the  Direction  of  Major 
Sir  Henry  Pilkington,  K.C.B.,  E.E.,  the  civil  engineer-in-chief 
appointed  under  the  Naval  Works  Loan ;  and  of  Messrs.  Coode, 
Son  and  Matthews,  the  chief  engineers  by  whom  the  design 
was  prepared.  The  estimated  cost  of  the  whole  work  is  about 
3,500,000^. 
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THE    HISTORY    OF    MECHANICAL    TRACTION 
ON    TRAMWAYS    AND    ROADS. 

By  H.  CoNRADi,  A.S.E. 


The  first  steam  carriage  for  ordinary  roads  was  built  in  1769, 
by  a  French  inventor,  M.  Cugnot,  who  was  followed  in  later 
years  by  several  others,  of  whom,  however,  Trevethick,  during 
1803  and  following  years,  was  the  most  distinguished  and  most 
successful  inventor  and  engineer.  Then  followed,  as  important 
designers  and  manufacturers  of  steam  omnibuses  for  common 
roads,  Gurney,  in  1828,  and  Walter  Hancock,  from  1829  to 
1836.  All  these  steam  omnibuses  were  cleverly  constructed, 
and  practically  carried  out,  transporting  thousands  of  passengers 
over  thousands  of  miles.  Their  services  were  only  discontinued 
on  account  of  heavy  taxes,  imposed  by  the  local  authorities.  A 
similar  case  in  reference  to  private,  not  municipal,  tramway 
companies  exists  even  now,  as  their  free  development  has 
always  been  hampered  by  the  short-sighted  Acts  of  Parliament 
authorising  the  local  authorities  to  become  oppressive  com- 
petitors as  municipal  traders,  and  to  buy  them  up  after  the 
comparatively  short  period  of  21  years'  lease  at  the  price  of  old 
rails  and  worn-out  rolling  stock.  Local  authorities  should  be 
only  the  trustees  of  the  public  purse,  but  not  active  competitive 
traders  preventing  private  enterprise.  Time  went  on  till  1860, 
when  Mr.  G.  T.  Train  patented  another  type  of  steam  car.  In 
1871,  Mr.  Nairn  designed  and  manufactured  a  3-wheeled  steam 
omnibus,  weighing,  fully  loaded  with  50  passengers,  about  10 
tons.  The  engines  coiisisted  of  3  cylinders  of  5  j  inches  diameter 
by  10  inches  stroke.    The  boiler  was  of  the  Eield  boiler  construe- 
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tion  of  beKst  Bowling  iron,  27  inches  in  diameter,  6  feet  3  inches 
high  of  ^Q  inch  thick  plates.  The  water-tank  contained  150 
gallons,  and  the  boiler  was  fed  by  an  injector.  The  wheels  were 
38  inches  in  diameter  by  10  inches  wide.  This  steam  omnibus 
cUd  the  service  between  Edinburgh  and  Porto bello,  about  3 
miles,  12  times  per  day. 

During  1871-72,  the  Grantham  Steam  Tramway  Car  was 
patented  and  constructed,  being  the  first  built  in  England.  The 
car  body  was  manufactiu-ed  at  ihe  Oldbury  Carriage  Works,  and 
the  engines  and  boilers  by  ]\lessrs.  Merry  weather  and  Sons. 

The  principal  dimensions  were  : — 

Diameter  of  steam  cylinders         . .      . .  4  inches. 

Stroke  of  piston       10  inches. 

Diameter  of  boilers 18  inches. 

Height  of  boilers      4  feet  4  inches. 

Diameter  of  wheels 2  feet  6  inches. 

Length  of  car 30  feet. 

n          i.      t  (20  passengers  inside  and 

Capacity  of  car         |          24  outside. 

Weight  of  car,  empty 6^  tons. 

Weight  of  car  in  full  working  order    . .       8  tons. 

The  working  of  this  steam  car  on  the  Wantage  tramways 
came  to  about  4d.  per  car  mile.  It  is  illustrated  in  Eigs.  1-4, 
showing  side  elevation,  transverse  section,  and  plan. 

During  the  years  1871-72  and  subsequently,  great  activity 
seems  to  have  been  displayed  in  the  construction  of  steam  cars 
for  tramways  and  ordinary  roads. 

Eigs.  5-13  illustrate  a  steam  omnibus  for  common  roads, 
brought  out  at  that  time  by  Air.  Leonard  J.  Todd,  of  Leith. 
Two  important  features  in  this  steam  car,  were  the  use  of 
coupling-rods,  to  diive  the  road-wheels  direct  from  the  crank- 
shaft, and  the  adaptation  of  a  steam  fan  to  obviate  the  noise  of 
the  exhaust  steam,  and  to  prevent  steam  and  smoke.  The 
principal  dimensions  were  : — 

Diameter  of  cylinders 10  inches. 

Stroke  of  piston 10  inches. 

Boiler  surface        1 300  square Jeet  of  heating 

Grate  surface         . ,       9  square  feet. 

Working  pressure  of  steam        180  lb.  per  square  inch. 

Capacity  of  1  pair  of  wing-tanks       . .      . .  300  gallons. 

Weight  in  full  working  order  on  the  road  14  tons. 

Number  of  revolutions  of  crank-shaft     ..  186. 

The  steam  tram-locomotive,  built  by  Mr.  Todd  for  the 
Santander  Tramway  Company  in  Spain,  was  designed  to  draw 
2  passenger  cars  with  76  passengers  in  the  two. 
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Its  principal  dimensions  were  as  follows  : — 

Diameter  of  cylinders     6J  inches. 

Stroke  of  piston        9  inches. 

Boiler  surface 1 160  square  feet  of  heating 

I  surface. 

Grate  surface ~     SJ  square  feet. 

Diaraeter  of  driving  wheels 5  feet  6  inches. 

Crank-shaft  revolutions 1 150  at  a  speed  of  10  miles 

(  per  hour. 

Boiler  pressure 150  lb.  per  square  inch. 

Weight  in  full  working  order        . .      . .       5  tons. 

The  motion  of  the  crank-shaft  was  transferred  to  the  driving 
wheels  by  a  pair  of  spur-wheels. 

In  1875,  Mr.  Todd  constructed  also  a  fireless  engine. 

A  new  kind  of  steam  tramway  locomotive  was  built  in  1874 
by  the  Yorkshire  Engine  Company  for  the  Belgian  Street  Eail- 
ways,  on  Mr.  Loftus  Perkins'  principle.  Its  special  construction 
consisted  in  being  provided  with  a  large  air- surface  condenser 
of  800  square  feet,  composed  of  two  rows  of  copper  pipes,  one 
on  each  side  of  the  engine,  into  which  the  exhaust  steam  was 
conducted  and  condensed. 

Mr.  Charles  C.  Cramp  constructed  about  1874  a  steam-tram 
locomotive  working  with  superheated  steam  and  with  rotary 
engine  cylinders.  To  reduce  the  tractional  resistance,  and  to 
work  economically,  he  used  as  necessary  accessories  special  rail 
cleaners  to  obtain  and  to  keep  a  clean  rail-surface  and  groove ; 
a  most  necessary  and  practical  arrangement  for  a  good  and 
economical  service. 

Figs.  14  to  16  represent  the  original  design  of  the  steam 
tramcar  constructed  in  1876  by  M.  A.  Brunner,  of  Berne, 
Switzerland,  on  the  same  principle  as  the  double-bogie  railway 
steam  cariiage  built  for  Mr.  E.  T.  Fairlie  in  1869.  The  car  is 
provided  at  each  end  with  a  four-wheeled  swivelling  bogie,  each 
of  which  can,  if  necessary,  be  provided  with  steam  cylinders. 

The  Belpaire  Steam  Tramcar  was  constructed  in  1876  at  the 
Malines  Arsenal  by  order  of  M.  Belpaire,  Inspector-General  of 
the  Belgian  State  Eailways,  under  the  superintendence  of  M. 
Shaar,  Director  of  Works,  The  boiler  is  a  horizontal  tubular 
one  placed  transversely  on  the  carriage  underframe. 

Figs.  17  to  19  represent  Brunner's  original  steam  tramcar, 
but  with  the  modification  that  a  complete  small  locomotive  is 
placed  at  one  end  of  the  car,  while  the  other  end  is  supported 
by  a  small  4-wheeled  bogie.  The  engine  can  be  easily  detached 
from  the  frame.  This  steam-car  worked  on  the  1-metre  (3  feet 
3|  inches)  gauge  local  traffic  branch  line  of  the  Lausanne 
and  Eschellens  Eailway.  The  motion  of  the  pistons  is  trans- 
mitted to  the  driving  wheels  by  means  of  equal  armed  vertical 
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levers,  such  as  were  introduced  by  MM.  Carels,  of  Grlient,  in 
an  engine  shown  at  the  late  Vienna  exhibition,  and  constructed 
for  the  Belgian  state  railways  from  M.  Belpaire's  designs. 
The  valve  motion  is  of  a  type  lately  patented  by  Mr.  C.  Brown, 
the  manager  of  the  Winterthur  Locomotive  Works,  where  this 
car  was  constructed.  Accordingly,  the  steam  distribution  is 
effected  with  neither  eccentrics  nor  expansion  links,  but  by 
means  of  a  system  of  levers  actuated  by  connecting-rod  and 
reversing  handle.  The  boiler  is  of  the  ordinary  locomotive 
pattern.  The  water-tanks  are  built  between  the  frame-plates, 
the  coal-bunkers  are  on  each  side  of  the  fire-box.  There  is  a 
pump  on  one  side  worked  from  the  motion  beam,  and  an  injector 
on  the  other  side.  For  comparison  the  principal  dimensions  are 
given : — 

Diameter  of  cylinder 6  J  inches 

Length  of  stroke 12  inches 

Diameter  of  coupled  wheels     2  feet  3^  inches 

Wheel  base 4  feet  1  inch 

Inside  diameter  of  boiler 2  feet  3^  inches 

Length  between  tube  plates      4  feet  7  inches 

Total  heating  surface  (fire-box  20  feet  square)      ..  150  square  feet 

Grate  surface        2-35  square  feet 

Capacity  of  water  tanks 130  gallons 

Capacity  of  coal  bunkers 5  cwt. 

Weight  of  engine,  empty 5  tons 

Weight  of  engine  in  working  order         6  tons 

Working  steam  pressure 180  lb. 

Gauge  of  rails  (1  metre) 3  feet  3|  inches 

Considering  the  tractive  power  and  using  the  ordinary  general 
formulae  for  locomotives :  T  =  tractive  power  ;  D  =  diameter  of 
cylinders  in  inches  ;  L  =  length  of  piston-stroke  in  inches  ; 
W  =  diameter  of  driving-wheels  ;  P  =  effective  mean  pressure 
of  steam  in  the  cylinders  in  pounds  per  square  inch.     Then : 

^_  D'^P.L 
W 

which  in  this  case  produces 

T=(i:2^>ii^^  =  i7ib. 

At    o 

and  with  the  steam  at  180  lb.  in  the  boiler,  the  mean  effective 
cylinder  pressure  taken  at  60  per  cent,  of  the  boiler  pressure, 
would  be  about  110  lb.  maintained  at  the  pistons,  making 
thus  the 

Total  tractive  power  =  171b.  x  11011).  =  18701b. 
In  reference  to  the  construction  of  the  car,  the  main  frame 
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is  built  of  double  T  iron,  and  the  carriage  floor  is  19  inches 
above  rail  level.  The  a.i  i  iage  is  composed  of  one  compartment 
with  longitudinal  seats  for  24  inside  passengers,  with  one 
pavilion  over  the  trailing  bogie  as  a  smoking  compartment  for 
7  inside  passengers,  and  on  the  top  of  the  carriage  for  30  outside 
passengers.  A  staircase  from  the  pavilion  leads  to  the  outside 
seats.     The  leading  dimensions  of  the  car  are  as  follows  : — 

Length  over  all 42  feet  3^  inches 

Breadth  (maximum) 7  feet  9  J  inches 

Height 14  feet  1  inch 

Diameter  of  bogie  wheels 1  foot  5f  inches 

Wheel  base  of  bogie 4  feet 

Distance  between  bogie  pins 30  feet  4|  inches 

Weight  of  car  empty,  including  engine ll^  tons 

Dead  weight  per  seat 430  lb. 

Total  weight  with  60  passengers  and  luggage       ..  16  tons 

Adhesive  weight  at  full  load 10  tons 

The  coal  consumption  during  a  journey  from  Lausanne  to 
Eschellens  and  back,  18  miles,  with  a  normal  load  of  60  pas- 
sengers, was  160  lb.,  equal  to  9  lb.  per  mile  run.  The  line 
has  a  continuous  gradient  of  about  1  mile  in  length,  varying 
from  1  in  25  to  1  in  40  ;  the  maximum  gradient  is  650  yards 
long.  On  mounting  a  gradient  of  1  in  25,  the  corresponding 
resistances  may  be  computed  as  follows : — 

The  resistance  due  to  cavity  =  —_ — -i—  =  90  lb.  per  ton. 

"^         '^        25  gradient  ^ 

Taking  the  frictional  resistances  at  about  20  lb.  per  ton  it  would 
give  :— 

Gravity  of  16  tons  at  90  lb.  per  ton        .      =  1440  lb. 
Frictional  and  other  resistances  at  20  lb. 

per  ton  for  16  tons  .  .  .      =    320  lb. 

Total   .  .      =  1760  lb. 

As  the  tractive  power  for  each  pound  of  effective  pressure 
per  square  inch  of  piston  ha&  been  calculated  by  the  above 
formula;  to  be  17  lb.,  the  mean  effective  pressure  required,  per 
square  inch  of  piston,  will  thus  be 

'^  =  103  lb. 

With  a  full  load  the  steam  car  takes  a  gradient  of  1  in  25 
at  a  speed  of  8  miles  per  hour.     To  overcome  the  resistances,  as 
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calculated  above  at  1760  lb.,  the  engine,  at  8  miles  per  hour  or 
704  feet  per  minute,  exerts  an  effective  power  of: 

1760  lb.  X  704  ft.  ^  37.5  HP 
33000  lb. 

The  adhesive  weight  resting  on  the  coupled  wheels  is  about 
10  tons,  or  22,400  lb. ;  dividing  the  total  resistances  by  the 
adhesive  weight,  we  get : 

1760 1_ 

22400  ~  12-6 

as  the  coefficient  of  adhesion  required.      The  mean  working 

speed  of  the  trains  on  the  line  from  Lausanne  to  Eschellens  is 

on  the  average  10  miles  per  hour  according  to  level  and  gradient. 

Tlie  cost  of  working  the  steam-car  at  Lausanne  has  been 

19s.  per  day,  comprising  the  men's  wages,  coal  and  grease,  as 

follows : 

s-    d.\  Assuming  the  engine  to  run  60  to 
Engine  driver      , .      . .     6     5 1      70  miles  per  day  the  cost  per 

Stoker 2  10 1      mile  would  be  on  an  average 

Conductor 3    2;      3^(i.  per  mile. 

The  car  is  not  turned  round  at  the  terminus,  but  runs  in 
either  direction.  The  steam-car  elegantly  fitted  up  costs  1280/., 
but  less  luxuriously  would  cost  about  1000/. 

A  Danish  engineer  of  Copenhagen,  Mr.  B.  W.  Kowan,  con- 
structed al)out  the  same  year  a  steam  tramway  car  on  the 
combined  principle  of  the  Faiiiie  system  as  regards  tlie  boiler, 
and  on  the  Brown  principle  so  far  as  the  general  arrangement  of 
the  engine  and  its  working  parts  are  concerned. 

Fig.  20  represents  the  EngUsh  and  French  types  of  Mr.  C. 
Brown's  steam  tramway  locomotives,  built  by  the  locomotive 
works  of  Winterthur,  Switzerland. 

These  at  the  time  were  some  of  tlie  best  built  engines,  as 
regards  detail  of  construction,  type,  material  and  cost  price. 
All  the  gearings  were  well  protected  against  mud  and  dust. 
The  link-motions  were  of  different  types.  The  engines  were  of 
the  most  substantial  construction. 

Fig.  21  illustrates  one  of  the  types  of  tramway  engines  con- 
structed by  Mr.  Henry  Hughes,  of  Loughborough,  for  the  English 
and  French  tram  lines.  Those  for  the  English  lines  were  in 
service  in  1876  on  the  Edinburgh,  Sheffield,  Leicester  and  Wan- 
tage tramways.  In  1877  a  regular  service  began  for  a  number 
of  years  on  the  Vale  of  Clyde  Tramways.  Tliis  locomotive  was 
more  particularly  constructed  on  the  principle  of  tank  engines 
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for  collieries,  with  inside  cylinders  and  4-coupled  wheels.     The 
principal  dimensions  were  as  follows : 

Diameter  of  cylinder         7  inches. 

Stroke  of  j)iston 12  inches. 

Diameter  of  boiler  of  Lowmoor  iron     . .     2  feet  3f  inches. 

i2  feet  5  inches  high  x  1  foot 
lOf  inches  long  x  2  feet 
1  inch  wide. 

Ditto     plates,  thickness  of |  inch  to  f  inch  at  tubes. 

Number  of  brass  tubes     . .     62. 

Diameter  of  ditto  1 J  inch. 

Length  of  ditto  between  tube  plates     . .     5  feet  7|  inches. 

Grate  area 3  *  70  square  feet. 

Heating  surface 149J  square  feet. 

Working  pressure       80  to  100  lb.  per  square  inch. 

Diameter  of  wheels 2  feet  6  inches. 

Capacity  of  water  tank  (saddle  tank)     . .     400  gallons. 

This  engine  had  a  special  and  ingenious  condensing  arrange- 
ment, patented  in  1876.  It  is  composed  of  a  casting  fitted 
outside  of  the  bottom  delivery  tank  in  front  of  the  engine, 
forming  a  condenser.  It  was  provided  with  two  valves,  one 
above  the  other,  but  both  connected  together,  and  resting  in  their 
respective  seats.  The  action  is  as  follows.  As  soon  as  the 
exhaust  steam  passed  from  the  cylinder  through  the  exhaust 
pipe  leading  into  this  condenser  the  exhaust  steam  lifted  both 
valves.  It  thus  opened  the  connection  between  the  cold  water 
saddle  tank,  on  top  of  boiler,  and  the  condenser,  into  which 
latter  the  exhaust  steam  escaped  and  was  condensed  by  a  jet 
of  cold  water  coming  through  the  water  pipe,  which  was 
connected  at  top  with  the  cold  water  saddle  tank,  and  at  the 
bottom  to  the  condenser.  As  soon  as  the  steam  was  condensed, 
a  vacuum  was  formed  in  the  condenser,  and  the  external  pressure 
closed  both  valves  again.  The  condensed  steam  and  injection 
water  passed  into  the  lower  front  tank  at  a  temperature  of 
150°  to  170°  F.  through  a  piston  valve  fitted  into  a  correspond- 
ing casting,  which  was  fitted  inside  this  lower  front  tank.  The 
piston  valve  opened  and  closed  the  communication  between  this 
front  tank  and  the  outside  condenser,  and  was  regulated  by  a 
rod  connected  with  an  arm  of  the  steam  regulator  handle ;  so 
whenever  the  regulator  was  opened,  it  opened  this  piston  valve  in 
the  tank  at  the  same  time.  A  similar  low-level  tank  was  fitted 
to  the  engine  at  the  fire-box  end,  and  both  these  tanks  were  con- 
nected by  a  pipe.  The  boiler  feed-pump,  or  injector,  drew  its 
supply  from  these  tanks.  At  the  end  of  the  journey  these 
tanks  were  emptied  by  means  of  a  large  delivery  pipe  fitted  to 
the  tank  at  the  fire-box  end  of  the  engine.  The  quantity  of 
water  consumed  in  conveying  two  cars  with  80  passengers  was 
about  25  gallons  per  mile  at  a  temperature  of  150°  to  170°  F., 
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and  the  coke  consumed  was  about  8  lb.  per  mile.  The  two 
photos  exhibited  show  the  Hughes'  steam  tram  engines  at 
work  in  Paris  on  the  Bastille-Charenton  line  of  the  Southern 
Tramway  Company  of  Paris,  about  the  middle  of  1879.  The 
cost  of  the  Paris  tram  engines  was  650/.  to  700/.  The  very- 
great  difficulties  the  service  had  to  face  were,  firstly,  the 
extreme  weakness  of  the  permanent  way,  which  was  laid  for 
horse  tram  cars  only,  and  was  in  a  wretched  condition.  The 
light  rails  of  a  hollow  section  of  40  lb.  to  45  lb.  per  yard, 
constructed  to  bear  the  weight  of  a  fully  loaded  horse  tram- 
car  of  2  tons,  could  naturally  not  stand  the  \veight  of  an 
engine  of  7J  to  8  tons.  The  destructive  wave-motion  of  the 
rails  in  advance  of  the  engine  was  beyond  description,  and 
considerably  increased  the  tractional  resistance.  The  price  paid 
for  the  regular  traction  work  was  7  •  2M.  per  mile  for  drawing 
one  car,  and  9  •  2bd.  for  two  cars.  On  holidays  the  engine  drew 
3  cars,  so  that  a  satisfactory  and  profitable  service  could  have 
been  done  with  a  strong  and  good  permanent  way.  Besides  the 
trouble  caused  by  the  wretchedness  of  the  permanent  way,  the 
boilers  also  started  to  give  way.  This  was  caused  by  the  feed- 
water  taken  from  the  Eiver  Marne,  being  very  heavily  charged 
with  lime.  Further,  the  feeding  with  the  condensed  exhaust 
steam  caused  grease  from  the  cylinders  to  get  mixed  with  the 
feed  water,  thus  allowing  a  deleterious  compound  of  lime  and 
grease  to  be  formed.  This  greasy  compound  settled  on  the 
sides  of  the  tube  plates  and  on  the  top  and  sides  of  the  fire-box. 
The  plates  and  the  fire-box  consequently  became  over-heated, 
through  not  being  wetted,  and  bulged  inwards,  thus  causing  the 
tubes  to  leak  and  to  break.  The  author  considered  it  a  great 
neglect  on  the  part  of  the  French  tramway  company  not  to  liave 
drawn  the  attention  of  tlie  English  contractor  to  the  fact  that 
the  feed  water  of  the  river  was  so  calcareous,  thus  adding  fresh 
and  unknown  causes  to  the  destruction  of  engines  and  boilers. 
The  author  having  been  instructed  to  investigate  the  then  un- 
known causes,  directed  his  attention  to  the  condition  of  the  fuel 
and  the  feed  water  supply.  In  consultation  with  the  Paris  Gas 
and  Water  Company  and  the  engineers  of  the  Kiver  Seine  Steam- 
shi})  Company,  which  was  also  working  with  condensing  steam- 
engines,  the  disastrous  causes  of  tlie  lime  water  and  the  compound 
formed  with  the  grease,  of  which  this  company  had  also  had  bitter 
experience,  were  thus  traced  by  the  writer.  Tlie  first  discovery  of 
the  destructive  effect  of  sucli  greasy  deposits  and  of  the  dangerous 
consequences  for  the  boilers,  of  lime  water  were  made  by  Mr. 
Weber,  engineer,  of  Vienna.  He  conferred  on  the  subject  with 
the  gi-eat  locomotive  and  engineering  firm  of  Borsig,  in  Berlin, 
wliere  experiments  on  such  deposits  in  large  boilers  were  made[ 
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and  the  cause  and  its  effects  confirmed.  Soon  after  similar 
experiments  were  carried  out  by  the  great  engine  builders  of 
St.  Denis,  near  Paris,  Messrs.  Farcot  and  Son,  with  the  same 
results.  They  operated  consecutively  during  six  months  on  two 
large  boilers.  Consequently  in  working  the  tram-engine  boilers 
chemical  and  physical  methods  were  applied  to  prevent  any 
deposit,  after  they  had  been  chemically  cleaned  and  washed 
out  and  more  firmly  stayed.  The  compositions  used  on  the 
recommendations  of  the  French  steamship  engineers,  who  used 
them  for  their  stationary  condensing  engines  with  very  good 
effect,  reduced  the  deposits  in  the  locomotive  boiler,  but  not 
quite  sufficiently ;  while  the  same  in  their  soft  soapy  solutions,  if 
not  in  a  sufficiently  liquid  state,  often  passed  with  the  steam  in  a 
rather  pasty  state  into  the  cylinders,  preventing  the  free  motion 
of  the  pistons.  To  get  completely  relieved  of  all  these  troubles, 
the  boilers  were  then  fed  from  a  fresh- water  tank.  The  French 
Tramway  Company,  desirous  to  continue  the  steam  service 
in  spite  of  the  difficulties  experienced  at  the  beginning,  was, 
through  the  author's  efforts,  persuaded  to  accord  to  the  Hughes' 
Engine  Company  further  concessions  of  their  tram  lines  for 
steam  service.  To  prepare  the  Paris  lines  for  engine  service, 
the  two  companies  tried  to  make  a  financial  arrangement,  but 
this  fell  through.  The  French  company  took  the  Paris  service 
over  in  final  settlement.  A  new  contract  for  the  Lille  tram- 
ways on  the  Lille-Haubourdin  and  the  Lille- Roubaix  line  was 
then  entered  into. 

On  account  of  some  gradients,  more  powerful  engines  were 
used  on  these  lines.  The  condensing  arrangement  for  these 
engines  consisted  in  passing  the  exhaust  steam  through  a  feed- 
water  heater,  composed  of  a  number  of  brass  tubes  enclosed  in 
a  cast-iron  tank  fixed  to  the  top  of  the  saddle  water-tank.  From 
there  it  passed  into  the  saddle  tank,  from  which  the  boiler 
was  fed.  The  exhaust  steam  was  either  discharged  into  the 
saddle  tank  upon  the  water  surface,  or  it  was  carried  through 
branch  pipes  below  the  surface  of  the  water,  to  the  bottom  of 
the  tank.  The  discharge  took  place  upon  the  surface  of  the 
water  in  the  country,  and  under  the  water  surface  in  town,  in 
order  to  prevent  any  escape  of  exhaust  steam.  The  principal 
dimensions  of  these  larger  engines  (Fig.  21)  were  as  follows  : — 

Diameter  of  cylinders 9  inhces. 

Stroke  of  piston 13  inches. 

Diameter  of  boiler  barrel 2  feet  4^  inches. 

Diameter  of  brass  flue-tubes      1^  inch. 

Number  of  ditto 52. 

Length  of  ditto      5  feet  8  inches. 

Length  of  copper  fire-box 2  feet  1^  inch. 

Width  of  ditto       1  foot  11|  inches. 
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Height  of  same  above  grate       2  feet  7  inches. 

Grate  area      3-82  square  feet. 

Heating  surface 162^  square  feet. 

Boiler  pressure      1 80  to  100  lb.  per 

\     square  inch. 

Diameter  of  wheels      3  feet  6  inches. 

Number  of  coupled  wheels         4. 

Capacity  of  tank 400  gallons. 

Weight  of  engine,  empty 7^  tons. 

Weight  of  engine  in  full  working  order   . .       . .  10  tons. 

Diameter  of  steam  brake  cylinder 5  inches. 

Cost  price  of  locomotives 750Z.  to  8001.  and  over. 

After  satisfactory  working  of  these  lines,  the  French  Tram- 
way Company  took  the  service  over. 

The  Steam  Tram  Engine,  designed  and  constructed  by 
Messrs.  Schwartzkopf,  of  Berlin,  was  a  condensing-engine  with 
coupled  axles.  The  boiler  was  tubular,  with  circular  fire-box. 
The  cylinders  were  placed  on  both  sides  of  the  smoke-box.  The 
transfer  of  the  motion  was  on  the  Belpaire  principle.  The  slide 
valve-gear  was  aiTanged  with  the  application  of  eccentrics  and 
cranks.  The  distinguishing  feature  was  the  method  of  condensa- 
tion, as  will  be  seen  from  the  cross-section,  the  condenser  being 
formed  by  the  tubes  inserted  in  the  framework  of  the  locomo- 
tive. This  system  of  pipes  formed  the  side  frames  for  the  top 
part  of  the  engine,  and  the  water  circulated  in  these  pipes  by 
being  pumped  in,  and  through  them  the  exhaust  steam  passed 
before  entering  the  condenser. 

Another  engine  of  special  design  was  the  Wilkinson  Con- 
densing Tramway  Locomotive.  The  distinguishing  features 
were  the  application  of  vertical  engine  cylinders  of  inverted 
type,  similar  to  small  marine  engines,  the  crank-shaft  being 
placed  at  right  angles  to  the  driving  axle,  instead  of  being,  as 
usual,  parallel  to  it ;  further,  the  application  of  a  worm-and- 
wheel  gearing  as  driving  machinery  of  the  driving  axle,  instead 
of  driving  directly  by  means  of  piston  rod,  crossheads,  and 
connecting  rods  fixed  to  the  cranks  of  the  driving  axle.  The 
boiler  was  a  combination  of  the  locomotive  and  the  Field  water 
tubes,  with  a  very  short  boiler  barrel,  and  the  ordinary  hori- 
zontal tubes,  but  bent  into  a  reverse  S  curve. 

While  the  writer  was  superintending  the  steam  service  of 
the  Hughes'  Tramway  Locomotives  in  Paris  and  Lille  in  1880, 
two  other  very  interesting  and  important  tramway  traction 
services  were  at  work  in  Paris  and  its  suburbs.  The  one  was 
M.  Leon  Francq's  Fireless  Locomotive,  illustrated  in  Fig.  22, 
with  the  installation  of  the  workshop,  the  boiler-house  for 
the  large  stationary  boilers,  to  produce  the  required  quan- 
tity of  high-pressure  steam  for  the  fireless  engines,  of  about 
135   lb.  per  square  inch  effective  pressure.     The  engines  on 
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which  the  writer  travelled  worked  on  the  Euel-Marly  line, 
some  miles  from  Paris.  The  service  was  well  conducted ;  the 
difficulty  with  these  engines,  based  on  the  principle  of  spon- 
taneous evaporation,  consisted  specially  in  the  great  quantity  of 
water  they  had  to  carry  for  the  production  "of  the  required 
amount  of  steam. 

The  other  type  of  engines  were  Merkasky's  Compressed  Air 
Engines.  The  principle  of  the  construction  and  working  of 
these  engines  consists  in  previously  introducing  compressed  air 
into  the  engine,  which  is  gradually  delivered  into  its  working 
cylinders.  The  power  thus  obtained  is  transmitted  to  the 
driving-wheels  by  the  usual  steam  locomotive  mechanism.  The 
difficulties  in  working  with  compressed  air  are  that  the  high 
temperature  of  the  air,  due  to  compression,  requires  to  be  lowered 
before  the  air  can  be  used,  while  care  must  be  taken  that  the 
temperature  of  the  air,  in  working  expansively,  does  not  drop 
too  low.  To  prevent  these  difficulties,  the  compressed  air  was 
warmed  during  its  admission  into  the  cylinders  by  the  con- 
current injection  of  steam.  The  writer  drove  with  this  car  on  the 
Paris-Belleville  line,  and  the  service  was  naturally  free  from 
smoke  and  exhaust  steam ;  it  worked  quietly. 

It  remains  now  to  mention  as  the  last  series  of  steam 
work,  tramway  service  by  cable-traction.  The  principle  con- 
sists in  the  application  of  an  endless  wire  rope,  laid  over  two 
comparatively  large  V-grooved  driving  pulleys,  working  con- 
tinuously in  the  same  direction,  being  assisted  by  a  number  of 
smaller  guide  and  tension  pulleys  to  help  support  the  long 
cable,  and  further  of  a  number  of  deflecting  pulleys  to  transfer 
and  to  support  the  cable  in  the  direction  the  tramcar  has  to 
travel,  and  to  assist  in  its  passage  over  the  curves  and  cross- 
over roads.  The  pulleys,  as  bearers  of  the  cable,  and  the  cable, 
after  having  left  the  great  driving  pulleys  in  the  engine-house, 
are  then  placed  with  their  requisite  accessories  below  the  road  in 
a  slotted  passage,  conduit,  or  tube,  built  of  masonry  or  concrete. 
The  rope  is  driven  by  means  of  a  stationary  steam-engine  at 
the  depot,  or  other  motive  power ;  while  the  motion  of  the  cable 
is  transferred  to  the  cars,  by  means  of  a  mechanical  apparatus 
fixed  to  the  car,  called  "  the  gripper,"  which  grips  and  holds  the 
cable  or  releases  the  same,  according  to  the  requirements  of  the 
service,  to  move  or  to  stop  the  car.  The  writer  visited  the  im- 
portant installations  and  the  service  at  Edinburgh,  Birmingham, 
and  here  in  London  at  Brixton  and  Highgate  Hill.  In  enume- 
rating the  traction  methods  formerly  used,  the  application  of 
the  Gas-engine  for  tramway  traction  should  be  mentioned,  as 
it  has  been  used  on  the  Croydon  line,  where  the  writer  had  the 
opportunity  to  observe  it  in  the  summer  of  1893.     The  motor 
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was  driven  by  compressed  coal  gas.  The  motor,  with  3  cylin- 
drical gas  holders  and  all  the  working  parts  of  the  machinery, 
were  placed  underneath  the  car-frame.  The  gas  supplied  to  the 
reservoirs  was  sufficient  to  drive  the  car  8  miles.  The  motor 
had  2  cylinders  at  opposite  sides  of  the  crank-shaft  and  both 
driving  on  the  one  crank-shaft.  The  ignition  of  the  charge  in 
the  engine-cylinder  was  electrical,  and  the  products  of  combus- 
tion were  carried  into  the  condenser.  An  8  H.P.  Otto  gas-ene^ine 
installed  at  the  Croydon  depot  drove  a  compressor,  which  pumped 
the  gas  taken  from  the  gas  company's  main  into  a  steel  cylindrical 
reservoir  4  feet  in  diameter  x  25  feet  in  length,  at  a  pressure  of 
150  lb.  per  square  inch ;  a  charge  which  was  sufficient  for  5  tram- 
car  gas  motors.     It  was  stated  that  the  gas  cost  Id.  per  mile. 

Mechanical  traction  having  been  started,  say  at  about  1800, 
with  steam  omnibuses  on  ordinary  roads,  it  may  be  opportune 
to  mention  comparatively  the  two  most  important  types  of 
steam  omnibuses  of  our  present  time,  say  of  about  1900,  just  a 
century  after  the  first  period.  The  two  principal  systems  of 
steam  motors  introduced  and  in  service  are  the  French  type  of 
the  distinguished  French  engineer,  the  late  M.  Serpollet,  of  Paris, 
and  the  Englisli  type,  which  seems  a  great  improvement  on  the 
former,  of  the  distinguished  English  engineer,  Mr.  T.  Clarkson, 
of  Maulsham  Works,  Chelmsford.  The  chief  feature  of  the 
actual  steam  motor  omnibus  consists  in  the  application  of  the 
so-called  flash- boiler,  producing  instantaneous  evaporation  of 
the  feed  water.  This  instantaneous  generator  was  the  invention 
of  the  late  M.  Serpollet,  of  Paris,  and  has  done  away  with  all  the 
difficulties  (caused  by  impurity  of  water  and  otherwise),  with  the 
boilers  of  the  steam-tram  locomotives. 

S^  The  general  arrangement  of  the  motor-bus  is  as  follows  : — 
The  engine  is  usually  mounted  at  the  front  end  and  the 
cylinders  are  mostly  in  a  vertical  position.  The  crankshaft  is 
longitudinal,  in  the  centre  line  of  the  car,  and  is  coupled 
through  a  clutch  to  the  propeller  shaft,  which  extends  to  the 
rectangularly  or  crosswise-placed  back  axle,  through  bevel  or 
worm  gearing,  called  the  live-axle  drive.  Another  method  is, 
that  the  right-angle  change  of  the  direction  is  made  from  the 
crankshaft  to  a  countershaft,  parallel  with  the  back  axle,  which 
is  fixed,  the  latter  being  driven  from  the  countershaft  by  a  chain 
to  each  driving-wheel.  The  car  is  steered  by  a  steering-wheel 
and  lever  arrangement.  In  petrol-driven  motor- buses  a  separate 
shaft  with  gearing- wheels  is  put  between  the  crankshaft  and  the 
propeller-shaft  for  the  different  speeds,  which,  however,  is  not 
the  case  with  steam-driven  motor  omnibuses.  The  differential 
gear,  necessary  for  road  vehicles,  is,  in  the  case  of  live-axle 
driving,   fixed   to  the  live  axle,  in   the  case  of  countershafts 
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it  is  fixed  to  the  countershaft.  The  engine  generally  has 
4  cylinders,  sometimes  even  6  to  8  are  used.  The  explosive 
mixture,  composed  of  petroleum  spirit  and  air,  is  led  to  the 
engine  from  a  mixing  apparatus,  called  the  carburettor,  in  which 
the  petroleum  spirit  is  vaporised  and  mixed  with  the  air  in  given 
proportions.  The  mixture  effected  is  then  admitted  to  the 
cylinders  by  a  corresponding  number  of  valves,  while  ignition 
devices  are  used,  mostly  of  an  electrical  type,  to  cause  the  explo- 
sion and  thus  produce  the  power.  To  keep  the  cylinder  heads, 
containing  the  valves,  at  a  proper  working  temperature,  water  cir- 
culation is  provided  round  the  cylinder  jackets,  the  water  being 
cooled  by  being  forced  through  an  air  radiator  fixed  in  front  of  the 
car.  The  power  from  the  crankshaft  is  transmitted  through  a  clutch, 
either  direct  to  the  propeller-shaft  or  through  an  intermediate 
shaft,  when  the  gear-ratio  has  to  be  changed  or  the  engine  to  be 
reversed.  This  change  in  the  gear-ratio  is  made  by  moving  into 
mesh  various  gear-wheels  which  are  fitted  to  slide  on  the  third 
shaft.  In  the  case  of  a  live-axle  drive,  the  propeller-shaft 
drives  the  back  axle,  through  bevel-gearing  fixed  in  the  same 
case  with  the  differential  gear.  When  fixed  back  axles  are 
used  with  chains,  the  longitudinal  drive  of  the  crankshaft  is 
transmitted  through  bevel-gear  to  the  countershaft,  which  is 
parallel  to  the  back  axle.  In  the  case  of  electrically  driven 
cars,  the  motive  power  is  obtained  from  accumulators  contained 
in  a  box  placed  underneath  the  car-frame,  so  that  the  accumu- 
lators can  be  easily  taken  out,  and  changed,  or  re-charged.  The 
electric  motor  itself,  is  well  adapted  for  the  required  electrical 
energy  to  drive  the  omnibus — there  is  no  change-gear  necessary. 
The  accumulators  supply  the  electro-motive  power  to  the  motors 
fitted  either  to  each  of  the  back  wheels,  or  by  using  one  motor 
to  drive  the  back  wheels  by  means  of  differential  gear.  The 
petrol  motor  is  at  present  leading,  probably  by  its  greater  cheap- 
ness in  fuel  than  steam  and  electric  power ;  but  it  also  seems 
that  steam  will  gradually  prove  superior  to  petrol,  as  the 
economical  working  of  steam  is  progressing  and  the  price  of 
petrol  most  probably  increasing.     Electric  power  may  follow. 

The  motor-omnibus  service  has  particularly  proved,  as  also 
the  tramway  service  to  some  extent,  that  they  cause  the  evolu- 
tion of  intense  and  injurious  dust  clouds  ;  while  the  petrol 
motor-buses  cause  considerable  noise,  through  the  gearing  and 
chain-drives,  and  infect  the  air  by  the  discharge  of  the  burnt 
petroleum  vapours,  often  unnecessarily,  as  they  could  easily 
be  discharged  into  a  condenser.  Passengers  are  often  exposed  to 
severe  shocks  through  the  heavy  vibrations  in  running ;  foot- 
passengers,  especially  children  and  women,  are  often  exposed  to 
fatal  accidents  by  deliberate  reckless,  careless,  and  too  rapid 
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driving.  The  motor-buses  also  deteriorate,  if  they  do  not 
destroy,  the  roads  :  at  any  rate  they  help  to  do  it.  In  reference 
to  the  injury  of  the  roads  and  the  production  of  the  enormous 
dust-waves,  according  to  the  papers  of  Dr.  Hele-Shaw  and 
Mr.  A.  J.  Metcalf,  great  efforts  are  made  by  the  road  engineers 
to  remedy  these  evils.  The  Eoads  Improvement  Association 
carried  out  some  practical  experimental  tests  to  determine  the 
best  preparation  of  tar  for  application  to  the  roads,  and  of  the 
best  tar-spreading  machine.  Prizes  of  50  to  100  guineas  and 
gold  and  silver  medals  were  awarded  after  the  trials,  the  system 
of  one  of  the  borough  engineers  being  considered  the  best  at 
present,  and  was  well  recommended  in  a  paper,  which  was 
recently  published  in  this  Society's  Transactions. 

Having  now  so  far  briefly  reviewed  the  steam-tram  service 
on  rails  and  the  motor-omnibus  service  on  roads,  the  writer  will 
proceed  with  a  few  notes  on  electric  traction. 

The  motive  power  for  this  kind  of  traction  is  electricity, 
produced  by  the  electric  power-producing  machine  called  the 
dynamo.  This  machine  is  composed  essentially  of  magnets, 
between  the  circular  pole-pieces  of  which  a  circular  iron  ling, 
called  the  armature  core,  is  put  in  motion.  Insulated  copper 
wire  is  wound  over  this  armature  core,  as  also  over  the 
magnets.  The  armature  core,  with  its  coils  moving  between 
a  stroni,^  magnetic  field,  c^enerates  an  electric  current,  thus 
producing  motive  power.  According  to  the  amount  required,  a 
number  of  dynamo  machines  are  installed  in  a  central  station, 
in  which  boilers  and  engines  are  erected  to  set  the  dynamos 
in  motion.  The  electric  current  or  motive  power  thus  produced 
is  transmitted  by  means  of  cables  to  the  motor  or  receiver  of 
the  electric  current,  which  is  constructed  on  the  same  principle 
as  the  dynamo  or  generator,  and  effects  the  mechanical  work. 
The  motor,  which  is  fitted  to  each  axle  of  an  electrically-driven 
car,  is  connected  with  the  wheels  by  means  of  gearing  for  the 
purpose  of  propulsion.  To  transmit  the  current  from  the 
dynamo  to  the  motors  fixed  to  the  car,  a  complete  circuit  must 
be  established  from  the  dynamo  to  the  car,  and  from  there  back 
to  the  dynamo  at  the  station.  The  electric  current  being  led 
from  the  dynamo  or  generator  to  the  car  by  the  positive  con- 
ductor, while  the  return  current  is  led  to  the  dynamo  by  the 
negative  conductor. 

To  convey  the  electric  current  from  the  dynamo  of  the 
supply  station  to  the  motor  at  the  car  several  methods  have 
come  into  use,  by  overhead  wires,  underground  conduits, 
or  surface  contact.  The  system  mostly  used  is  the  overhead 
installation,  by  which  the  electric  current  is  led  from  the 
dynamo  to  the  overhead  wire,  from  there  to  the  trolley,  which 
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is  fixed  to  the  top  of  the  movable  beam  installed  at  the  centre 
of  the  roof  of  the  car.  This  trolley  runs  along  on  the  under 
side  of  the  top  wire.  From  there  part  of  the  current  passes 
down  through  the  trolley  and  beam  to  the  motors  of  the  car, 
and  when  its  work  is  done  there,  it  goes  through  the  car-wheels 
on  to  the  rails,  and  from  there  back  to  the  dynamo  at  the 
supply  station.  The  overhead  positive  wire  is  supported  over 
the  centre  of  the  permanent  way  by  means  of  cross-wires  and 
the  necessary  attachments  to  poles  of  the  required  height  placed 
at  the  sides  of  the  street;  or  by  means  of  centre  poles  with 
right  and  left  cross-arms,  placed  between  the  two  tracks ; 
or,  in  case  of  single  lines  only,  by  side  poles  with  brackets. 
Fuller  description  of  this  system,  as  well  as  of  the  underground 
and  surface  contact  system,  will  be  found  in  the  different 
engineering  papers.  To  deal  with  them  is  not  the  purpose  of 
this  paper.  The  author  had,  however,  opportunity  to  see  the 
construction  and  working  of  the  Falkirk  Electric  Tramways 
near  Glasgow.  A  most  interesting  part  of  this  line  was  the 
construction  and  electrical  working  of  several  swing  bridges. 
During  the  opening  of  these  the  tramcars  were,  at  the  same 
time,  by  means  of  a  special  switch  arrangement,  automatically 
stopped  at  a  considerable  distance  from  the  bridge,  and  at  the 
closing  of  the  bridge  released  and  allowed  to  proceed.  Thus 
there  was  no  danger  of  a  car  dropping  into  the  canal. 

With  electric  traction  a  somewhat  new  phenomenon  appeared 
in  reference  to  the  very  rapid  wear  and  tear  of  the  permanent 
way,  on  account  of  the  extreme  wave  motion  imparted  to  the 
rail,  and  the  grinding  down  of  the  head  or  bulb  of  the  rail. 
The  real  and  proved  cause  of  the  wearing  down  of  the  rail  seems 
not  to  have  been  found  out  yet ;  it  is  questioned  whether  it  is 
an  electrolytic  effect  on  the  steel  from  the  current  affecting  the 
rail  structure,  or  whether  it  is  the  continued  hammering  of  the 
wheels,  especially  at  the  joints.  Further,  it  seems  that  no 
clearance  need  be  left  between  the  rail-ends  at  the  joints,  as  it 
is  assumed  that  the  strains  and  stresses,  through  the  variation 
of  temperature  and  the  pressure  and  blows  from  the  car-wheels, 
are  taken  up  by  the  foundations  of  concrete  or  sleepers,  or  both, 
by  the  fish-plates  and  the  intermediate  cross-ties  of  the  rails — 
in  fact,  of  the  whole  permanent-way  structure.  The  writer 
thinks  that  even  in  the  case  of  good,  solid,  well-laid  concrete 
foundations  or  sleepers,  it  is  preferable  to  allow  some  clearance 
at  the  rail  joints  to  give  the  whole  system  greater  elasticity, 
instead  of  reducing  all  strains  to  side-stresses. 

For  the  maintenance  of  the  over-head  wire  system  tower 
wagons  for  horse  or  motor  traction  are  used.  The  latter  seem 
to  be  now  more  in  use.    They  are  required  to  allow  workmen  to 
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do  such  repairs  to  the  wires,  frogs,  poles,  etc.,  as  they  find 
necessary,  at  the  height  of  the  wires  above  the  ground  level. 
The  tower  is  often  of  telescopic  type  and  is  raised  and  lowered, 
either  by  hand  or  machinery.  The  top  platform  is  either 
stationary  or  revolving.  For  the  maintenance  of  the  permanent 
way  and  especially  for  the  economical  working  of  electric 
traction,  a  clean  groove  free  of  mud,  and  a  clean  rail-surface, 
are  most  essential  to  obtain  an  absolute  contact  between  the 
wheel  and  the  rail  for  the  conduction  of  the  electric  current. 
But  even  for  steam  traction  clean  rails  were  considered  neces- 
sary. Some  time  ago  the  writer  experimented  with  a  rail- 
cleaner  constructed  by  him,  working  the  same  on  some  horse 
tramcars  at  Eeading  during  two  most  severe  winters.  His 
dynamometrical  experiments  were  carried  out  on  two  horse- 
cars  fully  loaded,  weighing  on  an  average  3  tons.  One  car  in  its 
regular  service  started  with  the  rail-cleaner  down  clearing  the 
muddy  rails,  while  a  second  car,  also  in  its  regular  service, 
followed  10  minutes  after,  also  with  the  rail-cleaner  dow^n.  The 
dynamometer  showed  that  the  tractional  resistance  on  the  cleaned 
rails  was  25  to  35  lb:  less  than  of  the  first  car  with  muddy  rails, 
so  that  the  tractional  resistance  was  on  the  average  12  to  15  lb. 
per  ton  on  the  clean  rails  with  a  horse-car.  But  the  electric 
service  continued  without  any  rail-cleaning  apparatus  until  later 
where  water-carts  were  introduced.  Such  water-carts  are  used 
by  some  of  the  municipal  corporations  as  constructed  by  Messrs. 
Mountain  and  Gibson  and  other  manufacturers  of  electric  tram- 
way appliances.  These  cars  are  electrically  driven,  and  may  be 
either  brush-sweeping  cars  or  tramway  watering  cars.  These 
water-carts  caiTy  tanks  of  a  capacity  from  500  to  1000  and 
1500  gallons.  From  the  writer's  experiments,  he  finds  that 
a  cleaner  clears  the  groove  and  cleans  the  surface  of  the 
rail  more  effectually  than  a  spray  of  water  can  do.  He  finds 
that  upon  dirt  rammed  by  the  wheels  into  the  groove  water 
has  no  great  effect.  On  more  freshly  filled  mud  or  dust 
the  water  softens  it,  but  it  is  the  flange  of  the  wheel  which  is 
then  scooping  it  out.  not  the  water.  It  seems  to  him  that 
watering  or  sprinkling  is  useful  to  lay  the  dust  of  the  road 
and  rails,  but  it  does  not  carry  it  away.  A  water-cart  waters 
about  20  to  25  miles  per  day,  using  on  the  average  700 
gallons  per  mile  of  single  line,  inclusive  of  the  road  side.  The 
water-carts  seem  more  useful  to  water  the  road  and  the  perma- 
nent way  than  for  the  specific  purpose  of  cleaning  the  rails.  To 
mention  only  one  example  as  proof  of  the  importance  of  obtain- 
ing clean  rails  and  dustless  roads,  the  tramway  department  of 
the  llford  Tramway  Company  use  a  combined  water-car  and 
sweeper  with  a  water-tank  of  1800  gallons  capacity.     The  car 
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is  provided  with  two  electrically  driven  rotary  brushes,  one 
at  each  end.  Also  with  a  sprinkler-pipe  at  each  end  for 
watering  the  grooves,  and  with  groove-cleaners  and  special 
track  brushes.  As  to  cost,  it  has  been  stated  before  by  the 
engineer  of  one  of  the  largest  tramway  companies  at  the 
time,  that  to  clear  the  grooves  and  to  keep  the  permanent  way, 
that  is  the  rails,  in  clean  condition,  using  hand  labour  and  horse 
water-carts,  costs  the  company  about  £1700  per  annum, 
independent  of  the  extra  cost  of  the  winter  period,  which  works 
out  to  about  2s.  to  2s.  6d.  per  mile  of  single  line.  The  occasional 
clearing  of  snow  according  to  the  severity  of  the  winter  is 
reckoned  as  extra  expense,  as  it  does  not  occur  regularly.  The 
cost  of  working  the  electrical  water-car  comes  to  about  18s.  to 
20s.  per  day  for  an  average  of  25  miles  of  road  and  permanent  way 
watering  as  mentioned  above.  The  clearing  of  the  grooves, 
inclusive  of  the  cleaning  of  the  rail  surface  by  the  author's  rail- 
cleaner  fixed  to  the  horse  cars,  came  to  about  M.  per  day. 
Assuming  breakages,  which,  however,  did  not  occur,  this  may 
be  increased  to  6d.  per  day. 

In  comparison  with  the  electric  tramways  the  same  tractive 
power  on  common  roads,  as  represented  by  the  electrical 
omnibus,  called  the  electrobus,  has  also  to  be  noticed.  This 
kind  of  traction  has  the  advantage  over  the  petrol  omnibus  of 
freedom  from  noise,  vibration,  and  asphyxiating  vapours  of 
burnt  gases,  and  there  are  not  the  usual  breakdowns  on  the  road 
as  with  the  petrol  buses.  The  electric  current  as  the  tractive 
power  for  these  omnibuses  is  derived  from  secondary  batteries 
or  accumulators,  carried  on  the  vehicles.  There  is  necessarily 
a  large  storage  warehouse  or  accumulator  gallery  for  the  supply 
and  maintenance  of  the  batteries,  to  which  the  battery  makers 
attend  for  the  traction  company  at  the  rate  of  2d.  per  mile, 
while  the  company  supplies  the  charging  current.  It  is  stated 
that  recharging  the  accumulator  batteries,  or  replacing  the  same 
with  fresh  ones,  is  only  required  after  a  run  of  about  30  to 
40  miles.  The  weight  of  the  omnibus  without  the  batteries 
is  about  3^  tons,  and  with  the  batteries  and  fully  loaded 
with  34  passengers  about  7  tons.  The  cost  of  managing  and 
maintaining  an  electrobus  is  stated  to  be  lower  than  other 
systems,  as  there  is  on  this  omnibus  no  change-speed  gear-box 
as  in  the  petrol  bus,  and  no  generator  furnace  and  engine  as  in 
the  steam  vehicle.  It  is  further  stated  that  the  expense  of  the 
breakdowns  of  the  other  buses  amounts  to  a  loss  of  2ld.  per 
mile  when  running.  It  is  further  calculated  that  one  day's 
stoppage  is  not  only  a  loss  of  revenue  of  Is.  per  mile,  but  the 
proportion  of  standing  cliarges  is  18s.  2d.,  which  together  with 
the  revenue  amounts  to  a  loss  of  51.  18s.  2d.     An  hour's  delav 
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in  the  streets  means  at  least  a  loss  of  12s.  8c/.  According 
to  Colonel  Crompton's  paper  the  working  cost  of  motor 
omnibuses  in  London  in  September  1906  came  to  10'272f^. 
per  mile — the  author,  however,  was  informed  by  drivers  that 
it  came  nearer  to  12f/.  per  mile — while  steam- traction,  ac- 
cording to  Mr.  Clarkson's  paper,  came  in  the  same  year  to 
8'S7d.,  say,  in  round  figures,  9d.  The  cost  of  the  electrobus 
operation,  including  depreciation,  is,  as  stated  by  this  company, 
under  9^/.  per  mile. 

Having  thus  noticed  the  start  of  the  steam -omnibus  service 
on  common  roads,  followed  by  the  steam  tramway  service  on 
rails,  then  the  electric-tramway  traction  followed  by  electric- 
omnibus  traction  on  common  roads,  with  some  few  appliances 
for  the  maintenance  of  these  services,  it  remains  to  mention  an 
important  accessory  to  the  tramcar  service,  namely  the  life- 
saving  apparatus  or  lifeguard,  fitted  to  the  tramcars  by  order  of 
the  Board  of  Trade. 

Fig.  23  represents  the  American  lifeguard,  known  as  the 
Hipwood-Barrett  fender. 

Fig.  24  shows  the  English  Wilson  and  Bennett  design. 


Comparative  Conclusions  in  reference  to  the  Different 
Kinds  of  Tractive  Powers  in  Use  and  the  Methods 
OF  their  Application  on  Tramways  and  Common  Eoads. 

The  motive  powers  used  before,  and  those  in  use  now,  are 
steam,  compressed  air,  gas,  and  lately  electricity ;  the  petroleum 
vapours  for  petrol  omnibuses  tlie  writer  classifies  under  gas, 
while  the  cable-trams  can  be  worked  by  any  of  the  powers. 
The  largest  experience  we  have  is  of  steam,  being  the  first  of 
the  powers  which  came  in  extended  use,  and  developed  in 
manifold  industrial  applications,  extending  over  more  than 
half  a  century.  It  is  steam,  in  comparison  to  all  other  motive 
powers,  which  has  revolutionised  the  commerce  and  the  indus- 
tries of  the  world,  and  which  is  still  the  prime  mover  in  the 
traction  service  of  all  the  great  railways  and  of  the  steamers 
crossing  the  seas  to  the  four  corners  of  the  world  ;  and  yet 
steam  has  been  generally  replaced  by  electricity  in  tram  service. 
The  writer,  liovvever,  maintains,  according  to  his  experience, 
that  at  the  time,  steam  has  never  had  the  cliance  of  being  used 
to  its  best  advantage ;  steam  service  has  not  been  given  the 
time  to  develop  its  own  improvements,  as  time,  patience  and 
opportunity  are  now  given  to  petroleum  service  on  public  roads, 
or  to  the  electric  installations  which  are  sometimes  defective 
and  nut  quite  reliable.     The  writer  maintains  that  sucli  delects 
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in  the  steam-service  as  the  emission  of  smoke,  or  exhaust- 
steam,  were  very  slight,  and  soon  removed  by  the  use  of  coke 
as  fuel  instead  of  coal,  while  the  condensing  arrangements  were 
greatly  perfected.  Never  have  local  authorities  shown  so  much 
favour  to  steam  traction  on  tramways  as  they  show  now  to  all 
other  methods,  permitting,  in  the  case  of  continually  occurring 
breakdowns  of  the  petrol-motor  traction,  repairs  to  be  made  in 
the  street,  impeding  all  other  vehicular  and  foot  passenger 
traffic.  The  writer,  in  his  steam-tramway  service,  when  a 
breakdown  accidentally  occurred,  had  to  roll  the  locomotive  off 
the  line  by  laying  plates  over  the  permanent  way,  and  to  trans- 
port it  immediately  into  the  repairing-shop.  No  repairs  in  the 
street  were  allowed,  and  a  fine  was  imposed  at  any  time  an 
engine  showed  some  exhaust  steam. 

Comparing  the  electric  installations  required  for  the  estab- 
lishment of  the  power-house  for  the  production  of  electric 
motive  power  for  either  the  overhead  or  underground  or  surface 
contact  systems  with  the  installation  required  for  the  pro- 
duction of  steam,  and  then  the  steam-tram  construction  with 
the  comparative  simplicity  of  the  construction  of  the  engine 
itself,  the  writer  maintains,  from  his  own  practical  experience 
of  the  steam  tram  service,  that  the  same  can  be  conducted 
as  efficiently,  and  probably  with  less  cost,  at  any  rate,  not  with 
greater  cost,  than  the  electric,  or  the  service  of  any  other  power. 
Steam  motor- omnibuses,  in  comparison  to  petrol  motor  and 
electric  omnibuses,  have  proved  to  be  less  costly,  or  at  least  not 
more  costly,  than  the  two  competitors;  the  author  therefore 
feels  convinced  that  steam  will  continue  to  hold  its  own. 

The  author  has  used,  in  the  compilation  of  this  paper,  in- 
formation drawn  from  the  articles  by  himself  and  other  writers  in 
the  engineering  papers,  as :  *'  The  Engineer,"  ''  Engineering," 
"Engineering  Times,"  '-'The  Tramway  and  Eailway  World," 
D.  K.  Clark's  book  on  tramways,  and  papers  by  Colonel 
Crompton  and  Mr.  Clarkson. 

The  illustrations  mentioned  below  are  reproduced  by  kind 
permission  of  the  respective  Editors  : — 

Figs.  1  to  13  and  21  from  "  The  Engineer." 

Figs.  14  to  19  from  "Engineering." 

Fig.  24  from  "  The  Tramway  and  Kailway  World." 


DISCUSSION. 

The  President,  in  moving  a  vote  of  thanks  to  the  author 
for  his  paper,  said  he  would  like  to  point  out  that  it  was  some 
years  since  they  had  had  this  subject  before  them.     The  last 
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occasion  seemed  to  be  in  1874,  so  that  there  was  much  leeway 
to  make  up.  The  author  had  brought  before  them  some  in- 
teresting facts,  historical  and  otherwise,  going  back  to  that  good 
old  friend  of  theirs,  Cugnot,  whose  engine  produced  such  an 
effect  on  the  trafi&c  of  Paris.  He  seemed  to  have  foreshadowed 
the  effect  that  was  produced  at  the  present  time  by  some  of  the 
motors  that  were  running,  but  the  authors  of  those  motors  were 
not  treated  in  the  same  way  that  Cugnot  was.  With  regard  to 
cable  tramways,  their  past-President,  Mr.  Colam,  read  a  paper 
to  the  Society  upon  the  subject  as  long  ago  as  1885,  and  he 
alluded  to  it  again  in  his  presidential  address  five  or  six  years 
later,  when  he  also  mentioned  the  "  Spot "  system  of  tramways, 
which,  under  another  name  had  recently  been  on  trial.  Mr. 
Conradi  himself  read  a  paper  on  the  Cleaning  of  Tramway  and 
other  Rails  in  1893.  As  a  school-boy  in  London,  he  (the  Presi- 
dent), saw  Train's  tramways  put  down  and  subsequently  taken 
up  again.  In  these  the  rail  was  Z-shaped,  with  a  drop  of  three- 
quarters  of  an  inch  to  an  inch,  and  serious  effects  were  produced 
upon  the  wheels  of  ordinary  vehicles.  Along  the  same  road 
they  now  had  the  modern  tramway  system.  He  felt  that  Mr. 
Conradi  had  done  well  to  bring  the  subject  before  them,  to  give 
them  an  opportunity  of  ventilating  their  opinions  on  the  matters 
which  he  had  introduced.  The  figures  which  he  had  also  given 
would  be  useful  for  comparison.  He  would  ask  the  meeting  to 
join  with  him  in  the  vote  of  thanks. 

Mr.  Holroyd  Smith  said  that  the  paper  covered  such  a  very, 
very  wide  area  that  it  was  exceedingly  difficult  to  decide  what 
particular  topics  to  deal  with.  There  was  a  saying  that  the 
worst  listener  a  preacher  could  have  was  another  parson,  because 
he  naturally  wanted  to  treat  the  text  in  a  different  way  from 
that  in  which  the  speaker  did,  and  he  (Mr.  Holroyd  Smith)  felt 
himself  in  the  position  of  the  other  parson.  He  was  afraid  that 
he  could  not  speak  in  an  altogether  complimentary  way  of  the 
paper.  He  took  exception  to  the  title.  He  regretted  that  a 
gentleman  of  Mr.  Corradi's  experience  should  not  have  given  a 
more  analytical  account  of  his  own  personal  experience  of  the 
various  systems  of  tramways  he  seemed  to  have  investigated.  If 
he  had  done  so,  they  might  possibly  have  learnt  something. 
Perhaps  it  did  not  sound  very  affable,  but  he  failed  to  learn  any- 
thing, although  he  liad  carefully  read  the  paper  through.  To 
whom  was  it  addressed  ?  Was  it  addressed  to  students  who 
knew  nothing  at  all  about  the  subject  ?  If  so,  then  he  should 
have  to  take  exception  to  the  manner  of  imparting  the  know- 
ledge. Was  it  addressed  to  engineers  who  were  experienced  in  the 
work  ?  If  it  was,  it  became  a  species  of  weariness,  because  it  did 
not  open  their  eyes  to  any  furtlier  knowledge  on  the  subject. 
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They  had  a  short  reference  to  the  Wilkinson  steam  engine. 
He  had  had  the  privilege  of  riding  upon  that  and  upon  many 
other  of  the  cars  mentioned  in  the  paper.  Wilkinson's  engine 
was  remarkable  in  that  the  transmission  from  the  engine  to  the 
road  wheels  was  by  a  worm  gearing,  as  the  paper  mentioned. 
There  was  a  very  peculiar  feature  about  that  worm  gearing 
which  puzzled  him  considerably,  and  that  was  that  the  teeth 
of  the  worm  wheel  and  the  worm  were  made  very  deep,  and  a 
certain  springiness  of  the  tram  engine  was  compensated  for  by 
the  worm  and  wheel  going  more  or  less  into  mesh.  A  more 
unmechanical  method  of  applying  worm  gearing  it  seemed  diffi- 
cult to  conceive,  yet  the  Wilkinson  engine  showed  that  the  thing 
could  be  worked.  That  was  a  very  great  deal,  but  he  had  never 
been  able  to  obtain  any  data  with  regard  to  the  mechanical 
efficiency  of  the  engine.  He  thought  that  probably  the  partial 
success  of  the  worm  gearing  of  Wilkinson's  engine  was  due  to 
the  very  roughness  of  its  conception.  Wilkinson  used  worm 
gearing  of  a  very  coarse  pitch,  and  if  worm  gearing  was  to  be 
effective  for  transmission  purposes,  a  coarse  pitch  must  obviously 
be  used.  The  demonstration  of  the  efficiency  of  worm  gearing 
and  the  possibility  of  it  was,  he  thought,  due  to  himself.  He 
showed  that  he  obtained  with  an  electric  motor  and  worm 
gearing  a  combined  efficiency  of  85  per  cent.  Measuring  the 
electric  power  absorbed  by  the  motor  and  the  output  given  by 
the  dynamic  test  on  the  axle  of  the  car,  he  had  a  total  efficiency 
of  85  per  cent,  in  face  of  the  fact  that  the  then  text  books 
declared  that  the  loss  with  regard  to  worm  gearing  was  75  per  cent. 

The  author  had  described  the  swing  bridges  used  for  the 
Falkirk  electric  tramways  near  Glasgow.  He  did  not  know 
the  date  of  the  construction  of  those  tramways,  but  it  was  after 
he  had  worked  out  and  submitted  to  engineers  in  France  a 
scheme  for  dealing  in  a  similar  way  with  some  tramways  to 
pass  over  one  of  the  navigable  channels  on  the  outskirts  of  Paris. 

A  very  interesting  discussion  could  be  raised  on  the  wave 
motion  of  the  rails,  and  as  to  the  suggestion  that  the  wear  and 
tear  of  electric  tramways  was  due  to  electrolytic  effect.  If  he 
understood  correctly  the  use  of  the  term  "  electrolytic,"  he 
could  not  quite  agree  with  the  author.  The  wear  and  tear 
was  more  rapid  with  electric  tramways  than  with  others, 
although  the  load  upon  each  wheel  was  less  than  in  some 
steam  tramways  previously  referred  to.  As  it  could  not  be 
due  to  the  hammering  action,  it  must  arise  from  some  other 
action  inherent  in,  and  due  to  the  use  of,  electricity.  He  would 
not  state  a  definite  opinion  upon  the  subject,  but  would  simply 
offer  a  suggestion.  Upon  a  dry  day  when  there  was  dust  over 
the  road  they  would  notice  a  sparking  and  cracking  taking  place 
under   the  wheels.     There  was  always  dust  on  the  road,  and 
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that  dust  made  a  partial  gap  between  the  wheel  itself  and  the 
rail  upon  which  it  ran,  and  the  electric  energy  caused  sparking 
across  the  gap.  Upon  careful  examination  they  would  find 
little  burnings  or  pit  holes  in  the  wheels  and  in  the  rails.  The 
effect  was  the  same  as  when  passing  electric  current  between 
two  iron  bars.  They  would  burn  away.  The  surface  was 
disintegrated  by  means  of  the  frequent,  very  miniature,  breaks 
of  the  electric  current. 

He  thoroughly  endorsed  what  the  writer  had  said  with 
regard  to  the  necessity  of  keeping  the  rails  clean.  A  little  rail 
cleaner,  the  invention  of  Mr.  Hip  well,  came  under  his  (the 
speaker's)  notice  some  years  ago.  It  was  a  pretty  idea,  but 
through  the  inventor's  want  of  influence  in  the  tramway 
world  and  through  his  want  of  capital  they  never  heard  very 
much  of  it.  There  was  a  water  cart,  and  just  immediately  over 
the  rail,  lying  longitudinally,  there  were  two  spouts  coming 
down  in  the  same  way  as  the  two  jets  of  gas  come  out  of  the 
burner  for  acetylene  gas.  Those  two  jets  meeting  together  in 
the  groove  practically  sprayed  the  dirt  up,  and  threw  it  side- 
ways. He  saw  the  apparatus  tested  on  more  than  one  occasion, 
and  it  cleaned  the  rails  perfectly.  He  doubted  the  correctness 
of  the  statement  "  On  more  freshly  filled  mud  or  dust  the  water 
softens  it,  but  it  is  the  flange  of  the  wheel  which  then  scoops  it 
out,  not  the  water."  The  flange  of  the  wheel  did  not  go  to  the 
bottom  of  the  groove,  so  how  could  it  clean  out  the  bottom  of 
the  groove  ?  There  was  a  statement  with  regard  to  the  cost 
of  cleaning  with  "groove  cleaners"  which  was  a  little  bit 
indefinite.  He  took  it  that  the  1700/.  worked  out  to  2,9.  6^. 
per  car-mile  exclusive  of  the  extra  cost  of  the  winter  period, 
but  the  sentence  did  not  so  state.     It  might  be  read  in  two  ways. 

He  must  join  issue  on  two  more  points.  The  author  said 
that  steam-service  had  not  been  given  a  fair  trial.  Surely,  as 
it  was  more  than  a  century  since  steam  was  first  used,  and  it 
was  only  thirty  years  ago  that  they  had  the  first  practical 
electric  tramway,  steam  had  had  a  better  chance,  and  yet  the 
author  wanted  to  make  out  that  the  reason  why  the  use  of 
steam  was  diminishing  was  because  it  had  not  had  a  fair 
opportunity. 

Then  the  author  almost  stated,  that  while  with  petrol 
motors  they  had  objectionable  asphyxiating  gases,  steam  was 
free  from  them,  but  everybody  knew  you  could  not  have  com- 
bustion without  the  products  of  combustion,  and  the  products 
of  combustion  were  poisonous.  Was  anything  more  likely  to 
produce  asphyxiation  than  the  burning  of  coke  ?  The  gases 
were  given  into  the  air  just  as  the  exhaust  from  the  petrol  tank 
was  given  into  the  air. 

On  the  question  of  the  relative  value  of  different  systems, 
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no  positive  statement  could  be  made  unless  the  conditions 
under  which  they  worked  were  taken  into  consideration.  By 
all  means  have  steam,  or  storage  batteries,  or  petrol  motors  for 
a  country  line  with  a  service  of  only  every  quarter  of  an  hour, 
but  such  things  were  not  to  be  considered  for  a  town  with  a 
service  of  every  two  and  a  half  minutes.  They  must  have 
electric  power  for  a  service  of  that  kind.  He  thought  that  the 
cable  system  was  by  this  time  an  ''exploded  idea,"  because, 
although  they  had  it  in  America,  yet  on  the  authority  of  Lowell 
''  they  didn't  know  everything  down  in  Judee."  He  believed 
that  one  of  his  inventions  connected  with  the  question  of 
pulleys  and  the  method  of  gripping  was  worked  on  the  Highgate 
line  from  its  very  commencement. 

He  was  very  pleased  to  hear  the  statement  about  the  electro- 
bus.  If  the  total  cost  came  down  to  9d.  per  car-mile,  then 
there  seemed  to  be  hope  of  the  separate  unit  system  of  electricity 
by  means  of  accumulators  being  at  last  a  success.  If  more 
skilled  engineers  would  apply  their  brains  to  the  details  of 
petrol  motor-buses  they  would  be  made  to  pay  better,  and  to 
give  a  better  service  than  even  electric  tramcars  could  give, 
because  there  was  now  very  much  less  tractive  resistance  on  the 
roads  than  there  used  to  be.  The  step  tramway  of  which  the 
President  had  spoken  was  largely  used,  he  believed,  in  some 
American  towns  at  the  present  time.  He  would  like  to  find 
some  statistics  which  would  give  a  comparison  of  the  relative 
costs  of  running  a  petrol  car  over  a  properly  paved  road  and 
running  electro-buses  on  the  same  roads,  but  every  item  must 
be  included.  He  had  frequently  asked,  when  statements  had 
been  made  as  to  the  cost  per  car-mile  of  one  particular  system, 
"  What  do  you  include  in  the  cost  of  working  ?  "  Until  that 
question  was  answered,  comparisons  between  one  cost  and 
another  could  not  be  properly  dealt  with. 

Mr.  E.  Benedict  said  he  would  only  touch  upon  the  ques- 
tion of  the  road.  To  his  idea  a  tramroad  was  about  the  most 
absurd  thing  that  could  possibly  be  conceived  because  it  went 
straight  against  all  the  principles  which  he,  as  a  railway  engineer, 
had  been  taught  from  his  youth  upwards.  There  had  been  a 
steadily  increasing  weight  at  a  steadily  increasing  speed  on  a 
steadily  increasing  solid  bed.  If  they  had  a  train  with  25  tons 
on  the  axle  going  at  the  rate  of  60  or  80  miles  an  hour  they 
would  be  nowhere,  as  the  old  coachman  said.  It  seemed  to  him 
that  tramways  were  following  in  the  footsteps  of  the  early  rail- 
wavs  which  had  coaches  stuck  upon  four  wheels  and  cast  iron 
rails  with  stone  sets.  All  that  had  to  be  gradually  done  away 
with  and  something  quite  fresh  had  to  be  started.  Tramway 
people  considered  that  they  started  where  railway  people  had 
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left  off,  but  they  did  not,  as  the  conditions  were  quite  different. 
They  ought  to  have  made  a  new  start  altogether.  Automobile 
people  wanted  an  iron  road.  That  was  their  ideal,  but  his  idea 
was  that  an  indiarubber  road  would  be  better  still,  and  that  they 
would  come  to  that  in  time  when  indiarubber  was  cheaper. 
Previous  speakers  had  said  that  the  objection  to  many  of  the 
roads  in  America  was  the  sudden  ridge. 

Several  years  ago  he  had  proposed  the  arrangement  shown 
in  Fig.  25.  Two  such  metal  plates  were  provided,  the  small 
groove  in  each  being  for  the  flanges  of  the  tramcar  wheels,  while 
the  broad  top  surface  was  for  the  ordinary  traffic.  The  curved 
dotted  line  W  was  to  show  how  the  wear  of  the  sets  at  the  sides 
would  take  place  without  forming  a  sudden  step. 

They  would  see  the  advantage  of  the  wavy  surface  of  the  plate 
road.  If  the  people  who  owned  the  trams  also  had  to  maintain 
the  roads,  it  would  be  better ;  but  unfortunately  one  authority  or 
one  committee  had  the  trams  and  another  the  roads,  and  there 
was  constant  fighting.  Everything  that  went  on  the  tramways 
was  an  advantage  to  the  roads.  The  diagram  showed  a  longi- 
tudinal baulk  of  timber  into  which  the  plate  was  fixed  with  sets 
on  each  side.  A  kind  of  wedge  was  formed  which  kept  the  sets 
tight,  and  it  seemed  to  him  that  something  similar  to  what  he 
had  indicated  was  what  was  wanted.  The  knocking  to  pieces 
was  due  to  the  rigidity  of  the  track.  Eoads  should  be  wide 
enough  to  take  two  vehicles  abreast  on  each  side  of  the  tramway, 
and  where  they  were  not  tramways  should  not  be  allowed.  On 
roads  of  a  sufficient  width  tramcars  should  take  the  middle  of 
the  road,  and  pass  like  ships  at  sea — port  to  port.  A  little 
reflection  would  show  the  many  advantages  of  this. 
;_  Mr.  R.  W.  A.  Brewer  said  that  he  agreed  with  Mr.  Holroyd 
Smith's  remarks  with  regard  to  the  conclusions  and  with  his 
statement  that  steam  had  had  a  fair  chance.  He  (the  speaker) 
had  brought  a  few  small  prints  which  might  interest  the  meeting. 
It  seemed  to  him  that  they  would  see  from  them  that  the  use  of 
steam  as  a  method  of  traction  upon  roads  had  not  very  much 
improved  during  the  long  time  in  which  it  had  been  exploited. 
Importance  must  be  attached  to  the  conditions  under  which  a 
system  had  to  work.  They  could  not  go  straight  ahead  and  say 
whether  one  system  was  better  than  another  unless  they  knew 
exactly  the  local  conditions. 

He  had  tabulated  a  few  of  the  advantages  and  disadvantages 
of  tramways  and  other  systems  of  traction.  The  advantages  of 
a  motor-bus  service  which  did  not  run  upon  any  restricted  track 
were,  first,  the  possibility  of  greater  speed  from  point  to  point 
owing  to  the  track  not  being  restricted  and  the  bus  being  allowed 
to  take  any  opening  in  the  traffic.     Secondly,  the  service  could 
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be  varied  from  one  route  to  another,  enabling  the  most  profitable 
to  be  worked  at  any  particular  time  of  day  or  season  of  the  year. 
Thirdly,  there  was  the  absence  of  rails  in  the  roadway,  which 
rails  caused  great  inconvenience  to  other  traffic  and  were  a  con- 
tinual source  of  obstruction  during  times  of  laying  and  times  of 
repair.  Another  advantage  of  the  motor-bus,  or  of  any  system 
that  did  not  confine  itself  to  rails,  was  that  the  vehicle  could 
draw  up  at  the  kerb  to  take  up  passengers  or  to  allow  them  to 
alight.  The  minimum  of  risk  to  the  passengers  was  involved, 
and  other  traffic  was  allowed  to  pass  along  the  road  without 
being  severely  obstructed.  Tramways  ought  never  to  have  been 
allowed  in  a  town  like  Brentford,  because  they  took  up  the  whole 
of  the  road,  and  every  time  that  a  tram  stopped  the  whole  of  the 
traffic  was  disorganised. 

The  question  of  capital  expenditure  and  the  return  upon  the 
outlay  should  be  very  carefully  considered.  Capital  expendi- 
ture on  a  tramway  system  was  very  much  greater  than  on  any 
system  which  did  not  run  upon  rails. 

The  disadvantages  of  a  motor- bus  system  were,  higher  work- 
ing cost  and  depreciation  of  rolling  stock,  and  the  possibilities 
of  noise  when  it  was  allowed  to  get  into  a  defective  condition. 
That  disadvantage  was  rather  more  apparent  than  real,  because 
a  motor-bus  could  run  quite  quietly  if  it  was  kept  in  decent 
order,  while  a  tramway  service  was  not  always  so  quiet  as 
tramway  enthusiasts  tried  to  make  people  believe.  The  trams 
on  the  IJxbridge  Eoad  were  far  noisier  than  any  motor-bus  that 
ever  ran  in  the  streets  of  London.  Another  disadvantage  of  the 
motor-bus,  and  a  very  serious  one,  was  the  risk  of  skidding,  but 
it  was  not  always  attributable  to  the  motor-bus  itself.  The 
roads  and  the  restrictions  under  which  a  motor-bus  is  run  had 
a  good  deal  to  do  with  it.  They  were  not  allowed  to  adopt  any 
non-skidding  device  which  would  have  a  really  beneficial  effect 
on  a  greasy  road.  The  road  surface  had  a  very  large  bearing  on 
the  cost  of  working  any  system  which  did  not  run  on  rails. 

AVith  regard  to  reliability,  an  electric  tram  was  more  reliable 
than  a  motor-bus.  The  author  had  said  that  motor-buses  were 
continually  breaking  down,  and  that  was  true  with  regard  to 
some  of  the  older  ones,  but  they  must  consider  the  enormous 
number  of  miles  that  the  bus  ran  and  the  pressure  of  the 
service.  The  buses  ran  from  early  morning  to  late  at  night 
with  no  possibility  of  any  general  overhaul.  That  spoke  well 
for  them,  considering  the  little  delays  that  actually  occurred. 

The  question  of  viljration  was  rather  a  large  one. 

Coming  to  the  advantages  of  a  tramway,  they  had  low  cost 
of  operation,  cleanliness  and  ease  of  running,  absence  of  smell, 
reversibility  of  the  car,  and  improvement  of  the  road  surface 
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under  certain  conditions.  If  the  tramway  company  re-laid  the 
track,  as  was  usual,  they  got  a  better  road  surface  where  the 
tramway  occurred,  but  very  often  an  abominable  surface  on 
either  side  of  the  track  about  a  foot  away  from  the  rails.  That 
was  a  great  source  of  danger,  particularly  where  the  sides  of  the 
road  were  made  of  macadam. 

The  disadvantages  of  a  tramway  were,  first,  the  obstruction 
of  other  traffic,  and  particularly  was  that  the  case  when  central 
standards  were  employed.  A  tramw^ay  had  an  enormous  effect 
on  the  carrying  capacity  of  the  road.  On  the  portion  of  the 
tramway  which  ran  through  Ealing  or  Ilford,  wdiere  there  were 
central  standards,  the  carrying  capacity  was  reduced  to  about 
one-fourth,  and  the  trams  themselves  suffered  very  considerable 
delays,  owing  to  the  other  vehicles  on  the  track,  particularly 
where  the  road  was  narrow  and  there  was  not  sufficient  room 
between  the  near  side  rail  and  the  footpath  for  another  vehicle 
to  stand. 

With  regard  to  cost,  out  of  71  tramway  corporation  systems 
throughout  the  country  only  six  received  an  average  of  Is.  per 
car-mile,  and  only  about  30  were  paying  theii'  working  expenses 
and  interest  on  the  capital  outlay.  The  total  cost  of  running, 
which  included  the  working  expenses,  was  6  •  SM.  per  car-mile, 
and  the  interest  on  the  capital,  charges,  sinking  fund,  etc.,  was 
3*626^.,  making  a  total  of  9*  96c?.  per  car-mile.  That  repre- 
sented the  minimum  remunerative  revenue.  The  actual  mean 
revenue  obtained  was  10 -52(1.  per  car-mile,  which  left  an 
average  net  profit  of  about  ^d.  per  car-mile  for  the  whole.  The 
working  expenses  for  a  fleet  of  petrol  omnibuses  came  to  a 
shade  under  9^d.  per  bus-mile,  and  the  depreciation  to  1  •  407c?. 
per  bus-mile.  The  total  minimum  remunerative  revenue  was 
ll'7d.  per  bus-mile.  More  than  that  had  to  be  earned,  if  the 
system  was  really  to  pay  at  all.  Tlie  cost  was  little  more  than 
Id.  a  bus-mile  greater  than  the  cost  of  working  an  electric 
tramway,  but  the  capital  expenditure  in  the  case  of  the  tramway, 
taking  a  certain  section,  was  88,000/.,  and  in  the  case  of  the 
motor  bus  25,000/.,  for  the  same  return.  The  difference  in  the 
figures  went  towards  depreciation.  The  cost  of  working  a  fleet 
of  100  electro-buses  came  to  9'5d.  per  car-mile.  This  included 
maintenance  and  depreciation.  Tyre  maintenance  was  2d.  per 
car-mile,  and  battery  maintenance  also  2d.  He  was  taking 
actual  figures. 

He  had  taken  a  great  interest  in  the  subject  of  self-propelled 
vehicles  on  rails,  apart  from  steam  engines,  and  he  had  brought 
with  him  some  outline  drawings  of  a  design  which  he  had  made 
to  suit  certain  very  difficult  conditions.  The  vehicles  were 
driven  by  the  ordinary  spirit  which  was  obtainable  in  England 
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at  the  present  time.  Each  was  designed  to  draw  a  small  train 
of  about  18  tons  on  a  light  railway.  They  had  to  travel  at  the 
rate  of  15  kilometres  an  hour,  and  draw  the  train  up  a  gradient 
of  1  in  25.  The  temperatures  under  which  they  had  to  work 
were  between  the  maximum  extremes  anywhere  in  Europe, 
between  several  degrees  below  zero  on  the  Fahrenheit  scale  and 
120  or  130  degrees  above  it.  They  could  not  run  a  steam 
locomotive  under  the  conditions,  but  there  were  many  condi- 
tions under  which  such  a  locomotive  could  be  run.  He  thought 
that  the  author  was  rather  biassed  in  favour  of  steam  for  all 
purposes,  and  he  did  not  agree  with  him.  He  was  using  steam 
traction  for  a  system  which  was  entirely  different,  and  was  more 
suited  to  it  than  to  petrol.  In  France  and  Germany  locomotives 
of  a  similar  type  to  that  to  which  he  had  referred  had  been 
running  for  a  number  of  years  with  very  great  satisfaction. 
They  were  run  with  petroleum  spirit  and  they  worked  at  the 
rate  of  1  *  37(1  per  ton-mile.  That  was  the  total  cost  of  working, 
including  everything.  They  were  used  in  hauling  from  mines. 
On  the  same  work  rope  traction  came  out  at  1  *  65^?.  per  ton- 
mile,  and  horse  traction  at  from  2d.  to  3 '  4fZ. 

Mr.  Delves-Broughton  said  that  he  thought  engineers  had 
neglected  steam,  and  that  it  had  not  had  quite  a  fair  trial  yet. 
The  only  men  who  had  ever  really  done  anything  with  regard 
to  it  were  Mr.  Clarkson  and  M.  Serpollet.  In  the  discussion 
on  Mr.  Clarkson's  paper,  read  at  the  Institute  of  Mechanical 
Engineers,  the  remark  was  made  that,  up  to  the  advent  of  the 
flash  boiler,  engineers  had  been  working  with  hot  water — not 
steam. 

He  (the  speaker)  quite  agreed  that  fumes  from  a  chimney 
were  equally  as  objectionable  as  petrol  fumes,  but  petrol  fumes 
were  down  on  the  ground,  whereas  chimney  fumes  were  usually 
in  the  air.  He  did  not  know  why  the  exhaust  was  placed  in  the 
position  universally  adopted  in  the  case  of  petrol  motors. 

With  regard  to  road  traction,  he  thought  that  instead  of 
looking  for  a  new  road  the  thing  to  be  looked  for  was  a  new  tyre, 
liubber  was  altogether  too  expensive  and  too  slippery  in  damp 
weather.  If  a  tyre  which  would  grip  the  road  a  little  better 
could  be  devised,  a  great  step  would  be  taken  towards  reducing 
the  cost  of  road  traction. 

Mr.  E.  J.  Silcock  said  that  the  most  important  part  of  the 
paper  was  in  the  conclusions  at  the  end,  and  it  seemed  to  him 
that  there  was  room  for  a  great  deal  of  difference  of  opinion 
with  regard  to  those  conclusions.  In  his  view  the  history  of  the 
past  with  reference  to  steam  tramcars  and  steam  motors  was  a 
jjretty  clear  indication  of  what  was  going  to  happen  in  future. 
He  did  not  believe  that  steam  would  ever  be  applied  to  tramcars 
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again.  He  had  had  the  misfortune  to  live  in  Leeds,  where  in 
years  gone  by,  there  were  a  number  of  steam  trams,  but  he  was 
glad  to  say  that  that  town  was  the  first  in  England  to  have  an 
electric  overhead  tramway.  He  thought  that  the  steam  tram  was 
the  worst  abomination  that  could  be  put  upon  a  road,  and  was 
offensive  alike  to  the  senses  of  sight,  smell,  and  hearing.  In  his 
opinion  the  real  reason  why  steam  could  not  be  properly  applied 
to  tramcars  was  the  small  size  of  the  unit.  Progress  in  the 
steam  engine  had  always  been  iu  the  direction  of  increasing  the 
sizes  of  the  units,  and  that  was  the  reason  why  electric  traction 
was  so  successful :  by  using  large  steam  generators,  with  electric 
current  as  a  means  of  distribution  of  power,  high  economy  had 
been  effected. 

He  must  join  issue  with  the  author  on  the  question  of 
municipalisation.  Unless  the  municipality  had  control  of  the 
tramway  system  there  must  always  be  friction  between  the 
tramway  authority  and  the  highway  authority.  Even  with 
nmnicipally  owned  tramways  where  there  were  separate  tramway 
and  highway  committees,  there  was  sometimes  difficulty  owing 
to  dual  control,  and  it  was  better  to  have  one  committee  dealing 
with  both  questions. 

With  regard  to  cost  of  running  per  car-mile,  they  must  take 
everything  into  account,  and  remember  that  a  tramcar  usually 
carried  a  good  many  more  passengers  than  an  omnibus.  Again, 
a  large  part  of  the  cost  of  road  maintenance  was  included  in 
the  running  cost  of  tramways,  whilst,  in  the  case  of  the  omni- 
bus, these  charges  were  thrown  on  the  community,  so  that  the 
two  were  not  comparable. 

Mr.  A.  W.  Galbraith  said  that  the  question  of  corrugation 
was  a  serious  one.  The  explanation  given  by  Mr.  Holroyd 
Smith  was  the  most  ingenious  that  he  had  yet  heard,  but  there 
were  facts  in  connection  witli  corrugation  which  that  explanation 
did  not  entirely  cover.  He  had  examined  corrugated  rails  in 
many  towns,  and  he  had  found  that  the  wave  axes  were  not 
normal  to  the  longitudinal  axes  of  the  rails.  Certain  cars  seemed 
to  have  a  greater  efteCc  in  producing  the  corrugation  than  others 
had,  and  there  was  no  doubt  that  oscillation  had  a  good  deal  of 
bearing  on  the  subject.  If  they  accepted  Mr.  Holroyd  Smith's 
theory  they  would  expect  to  see  corrugation  over  the  whole  of 
the  system,  but  that  did  not  occur. 

The  President  had  referred  to  the  "spot"  system,  which  he 
took  to  mean  tlie  surface  contact  system.  The  only  successful 
system  of  the  kind  was  the  Loi-ain  tliat  had  been  introduced  at 
Wolverhampton.  It  was  very  ingenious,  but  very  costly.  The 
entire  cost  per  mile  wholly  equipped  was  about  16,600/.  against 
14,000/.  for  the  overhead  or  trolley  system.     A  great  advantage 
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was  that  you  could  run  directly  on  to  the  overhead  system. 
There  were  advantages  and  disadvantages  connected  with  all 
these  systems,  but  in  consequence  of  the  lateness  of  the  hour 
there  would  not  be  time  enough  to  deal  with  them  then. 

Mr.  Holroyd  Smith  said  that  in  his  previous  remarks,  to 
which  Mr.  Galbraith  had  referred,  he  was  dealing  with  the  extra 
wear  which  occurred  when  electricity  was  used.  He  spoke  of 
disintegration  of  the  surface.  He  quite  agreed  with  what  Mr. 
Galbraith  had  said  with  regard  to  wave  action. 

Mr.  J.  S.  Warner  said  that  he  came  to  the  meeting  to  be 
instructed,  and  in  a  large  measure  he  had  been  instructed.  He 
was  at  the  recent  Congress  at  Munich  as  a  member  of  the  Inter- 
national Tramways  Union.  The  principal  tramway  managers 
and  engineers  in  Europe  were  present,  and  almost  every  subject 
which  worries  the  average  tramway  manager  or  engineer,  includ- 
ing the  vexed  question  of  corrugation,  was  discussed. 

In  his  opinion  it  was  altogether  a  mistake  to  deal  with  rail 
vehicles  and  vehicles  which  did  not  run  on  rails  in  one  paper. 
He  thought  that  it  was  wrong  to  omit  any  reference  whatever 
to  the  sections  of  rails  employed.  There  were  only  about  half  a 
dozen  types. 

He  was  very  interested  to  note  that  in  Budapest  they  were 
using  a  rail  for  a  wheel  with  a  central  flange,  a  tread  on  each 
side  of  the  flange.  He  thought  that  at  Hull  they  used  that  type 
of  wheel. 

In  Philadelphia  they  had  a  rail  with  the  tread  overhanging 
the  web.  There  was  a  great  amount  of  corrugation  which  was 
traced  to  the  weight  of  the  car  thus  being  carried  eccentrically. 
The  rail,  as  the  car  passed  along,  was  depressed,  and  the  web 
deflected  sideways,  and  very  serious  vibration  was  set  up.  They 
stiffened  the  web  with  plates  and  got  rid  entirely  of  the 
corrugation. 

Even  when  riding  in  the  finest  railway  carriage  in  existence 
one's  body  was  subjected  to  vibration  and  oscillated  the  whole 
time.  A  friend  of  his  who  was  not  an  engineer  said  that  he 
could  ride  in  his  automobile  from  London  to  Edinburgh  with 
much  less  fatigue  than  he  could  by  one  of  the  best  trains.  The 
fact  was  that  owing  to  the  modern  principle  of  automobiles, 
motor-car  tyres  got  a  better  grip  of  the  track  than  rail  vehicles 
did. 

The  obvious  remedy  for  corrugation  was  to  place  the  web 
directly  under  where  the  weight  was  imposed  on  the  rail,  and  he 
believed  that  that  was  done  in  Philadelphia,  but  the  British 
Standards  Association  had  the  web  on  one  side. 

With  regard  to  self-propelled  road  vehicles,  the  principal 
difficulty  with  which  they  had  to  contend  was  the  vertical  varia- 
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tion  of  the  road.  There  was  very  little  difficulty  in  that  respect 
on  a  tramroad.  There  was  difficulty  from  transverse  irregularity 
and  that  applied  to  tramways  and  to  railways. 

With  regard  to  the  cost  per  car-mile,  6d.  was  the  figure 
generally  taken.  Some  two  years  ago  the  managing  director  of 
the  Brussels  tramways,  who  had  made  all  the  inquiries  that  he 
could  in  London  as  to  the  cost  of  motor-buses,  said  that  he 
obtained  the  figure  of  \)d.,  put  on  2d.  and  called  it  lid. 


REPLY. 

Mr.  Conradi,  in  reply,  said  that  he  was  obliged  to  Mr. 
Holroyd  Smitli  for  liis  observations,  to  which  he  would  reply 
more  fully  in  writing.  He  could  not  enter  into  greater  detail 
on  the  subject  with  which  he  had  dealt,  otherwise  the  paper  would 
have  been  too  long.  His  manuscript  was  originally  much  more 
complete,  but  the  Secretary  had  advised  him  to  write  simply 
an  extract  with  regard  to  the  practical  points  to  be  brought 
forward. 

He  had  very  often  heard  from  electrical  engineers  that 
electricity  was  the  only  power  upon  which  reliance  could  be 
placed  for  traction,  but  as  he  was  a  strong  advocate  for  the  use 
of  steam  he  thought  it  necessary  to  say  something  in  its  defence, 
and  to  remind  the  electrical  engineer  that  steam,  as  a  prime 
mover,  is  used  to  move  the  dynamo  first,  to  enable  it  to  produce 
the  electric  energy  required,  as  secondary  motive  power.  He 
thought  they  would  find,  as  he  had  stated,  that  steam  trams  had 
not  had  an  opportunity  of  developing  all  the  advantages  which 
they  could  offer,  while  electrical  and  petroleum  motors  had. 
That  the  application  of  steam  had  developed,  and  that  great 
improvements  had  been  made,  they  had  actual  proof  of  in  Mr. 
Clarkson's  steam  car,  which  was  now  on  the  road,  and  which 
used  superheated  steam,  and  also  in  the  invention  of  M.  Serpollet, 
which  had  been  greatly  improved  of  late. 

With  reference  to  the  Wilkinson  engine,  notwithstanding 
the  rough  construction  of  the  worm  gearing,  it  worked  ex- 
ceedingly well,  and  it  was  perfectly  reliable. 

As  to  rail-cleaning,  he  did  not  mean  that  the  flange  scooped 
the  mud  out,  but  it  squeezed  the  mud  out  when  it  had  been 
softened  by  water. 

He  would  like  to  read  a  statement  made  in  the  report  of 
the  Eoyal  Commission  on  London  Traffic :  "  Tramways  will 
continue  to  be  the  most  efficient  and  the  cheapest  means  of 
street  conveyance,  and  we  cannot  recommend  the  postponement 
of  tramway  extensions  in  London,  on  the  ground  of  a  possible 
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prospect  of  the  supersession  of  tramways  by  motor  omnibuses.'" 
That  was  his  answer.  He  was  naturally  in  favour  of  tramways 
as  against  motor  omnibuses,  whether  the  trams  were  driven  by 
electricity,  steam,  or  other  power.  His  experience  told  him 
that  tramways  were  of  greater  public  benefit  than  motor  buses 
could  evei'  be.  He  thought  that  motor  buses  would  work  well 
as  feeders  to  small  branch  lines  and  to  tramways,  and  they 
should  be  used  on  roads  where  there  was  not  sufficient  room 
for  tramways,  and  where  widening  would  cost  too  much. 

Private  companies  could  not  often  spend  the  necessary 
money  to  keep  their  plant  in  perfect  condition.  With  regard 
to  steam  tramways,  it  was  necessary  that  there  should  be  at  the 
depot  a  night-shift  to  inspect  the  engines,  and  do  all  the  small 
repairs  which  were  necessary.  In  many  cases  companies  were 
very  much  hampered  with  regard  to  money,  and  very  much 
pressed  by  local  authorities. 

With  regard  to  his  paper,  he  thought  that  it  was  interesting 
to  bring  before  engineers  an  outline  of  all  that  had  been  done 
from  the  beginning  up  to  the  present  time,  mentioning  all  the 
important  points  of  interest.  He  hoped  that  the  paper  would 
bring  the  subjects  to  the  minds  of  engineers  who  would  consider 
them,  and  carry  out  their  practical  application. 

In  further  reply  to  Mr.  Hoh^oyd  Smith's  observations  as  to 
the  Wilkinson  Steam  Tram  Engine  using  worm  and  wheel 
gearing  drive,  the  author  draws  attention  to  the  important  fact 
that  the  steel  worm  keyed  on  the  crank  shaft  geared  into  a 
phosphor-bronze  wheel  keyed  to  the  driving  axle,  and  ran 
constantly  in  an  oil-bath  to  reduce  friction,  wear  and  tear,  and 
the  effect  of  the  roughness  of  the  gearing. 

In  reference  to  the  electrical  working  of  the  swing  bridges 
on  the  Falkirk  Tramways,  a  full  description  of  the  installation 
of  the  winches,  and  their  connection  with  the  turning  of  the 
bridges,  is  given  by  the  contractors,  Messrs.  Bruce,  Peebles,  and 
Co.,  in  ''  The  Tramway  and  Eailway  World,"  December  7,  1905. 
As  to  Mr.  E.  W.  A.  Brewer's  observation  that  steam  trams 
had  had  their  opportunity  to  produce  a  good  service,  but  were 
less  successful  than  the  petrol  motor  omnibus  was  already,  or 
would  be  in  time,  the  author  begs  leave  to  remind  him,  that  the 
steam  trams  were  tlien  worked  by  private  companies,  which,  by 
order  of  the  municipalities  or  local  authorities,  had  not  only  to 
maintain  the  steam-service  with  the  permanent  way,  but  part  of 
the  road  also — consequently  they  were  charged  with  a  heavy 
outlay  for  the  maintenance  of  the  roads,  and  were  greatly 
hampered  financially,  in  working  the  engine  service  as  efficiently 
as  it  could  have  been  done  if  free  of  such  heavy  extra  charges. 
There  were   no  daily    breakdowns,  no    discharge  of   burnt 
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vapours,  no  dropping  of  oil  and  grease,  no  severe  shocks,  heavy 
dust  clouds  or  vibrations,  and  less  danger  of  fatal  accidents. 

The  same  reply  nearly  applies  to  the  observations  of  Mr.  E.  J. 
Silcock  who  said  that  the  steam-engines  and  cars  did  not  look 
sufficiently  clean.  As  at  present,  the  tramway  traction  services 
are  mostly  carried  out  with  the  assistance  of  the  ratepayers' 
money,  and  with  plenty  of  it  there  would  be  no  difficulty  in 
establishing  a  perfect  steam  tram  service.  The  engines  of 
Merryweather  and  Sons,  the  different  types  of  Hughes,  Wilkin- 
son, Brown  of  Winterthur,  and  others,  were  all  designs  of  small 
locomotives  of  the  usual  practical  and  neat  design,  following  the 
general  principle  of  locomotives,  but  applied  to  their  special 
purpose. 

In  the  selection  of  the  most  suitable  form  of  tractive  power 
which  should  be  applied,  according  to  the  author's  experience, 
the  following  matters  would  have  to  be  considered :  (1)  Cost  of 
installation,  (2)  cost  of  working,  (3)  density  of  traffic,  (4)  absence 
of  smell,  dust,  and  danger. 

As  to  the  cost  of  installation,  the  most  moderate  would  be 
steam,  then  follow  gas,  electric  overhead  wire  system,  electric 
surface  contact,  compressed  air,  electric  accumulator,  and  electric 
conduit  system. 

As  to  cost  of  working,  in  order  of  cheapness  we  have  :  steam 
tram  traction,  electric  overhead  system,  steam  road  motors, 
electric  traction  by  accumulators,  compressed  air,  and  gas. 

Concerning  the  construction  of  the  permanent  way  and  road- 
way, as  mentioned  by  Mr.  P>nest  Benedict  by  means  of  steel  T's 
grooved  for  the  passage  of  the  flange  of  the  tramcar  wheels  and 
su])ported  by  sets  of  hard  wood,  as  shown  in  the  sketch  (Fig.  25), 
the  author  draws  attention  to  the  fact  that  the  cost  of  such  an 
iron-plated  road  would  be  excessive.  It  would  be  somewhat 
siihilar  to  the  cast-iron  block  rail  laid  in  Boston,  U.S.A.,  in 
1856,  weighing  about  75  lb.  per  yard  in  sets  approximately 
5  inches  long  by  2 J  inches  deep,  with  a  groove  for  the  tramroad. 
It  was,  however,  also  mentioned  by  Mr.  Benedict  that  all  vehi- 
cular traffic  should  pass  over  the  plated  road,  that  right  and  left  of 
the  tramway  sets  it  was  intended  to  have  a  plate-way  inserted 
over  the  full  width  of  the  road ;  say  similar  to  the  New  York 
step  rail  of  sets  8  inches  long  by  f  to  1  inch  deep.  To  this 
must  be  added,  the  excavation  of  the  ordinary  road,  and  the 
laying  of  the  plate-ways,  the  tram-blocks  and  the  hard  wood  sets 
as  their  support. 

In  reference  to  Mr.  J.  Sutherland-Warner's  observations,  the 
author  has  travelled  in  first  class  private  motor  carriages  and  in 
first  class  railway  carriages  at  different  speeds.  The  railroad  is 
naturally   more  even    than  the   ordinary  road,   but  what  Mr. 
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Warner  calls  the  transverse  rail  irregularities,  the  author  under- 
stands to  mean,  that  on  some  parts  of  the  line,  and  on  curves, 
swaying  of  the  cars  is  produced,  especiall}"  at  high  speeds.  This 
is  caused  either  by  insufficient  ballast  under  the  sleepers,  or  by 
loose  bolts  in  the  fish  plates  and  joints,  rail  chairs  working  loose, 
or  the  carriages  not  being  properly  balanced.  Further,  the  gauge 
of  the  permanent  way  may  not  be  quite  exact,  and  in  some  places 
the  rail  may  have  been  pressed  inward,  in  other  parts  outward, 
which  the  platelayer  has  to  rectify.  Comparing  the  surface  of 
the  common  road,  with  that  of  the  rail  surface,  greater  irregu- 
larities are  naturally  to  be  found  in  the  former.  The  flexibility 
of  the  indiarubber  tyre  and  the  motor  carriage  springs  have  to 
counterbalance  this,  by  their  slight  depressions,  the  indiarubber 
if  of  sufficiently  elastic  material,  displacing  its  own  particles,  to 
fill  up  the  hollow  over  which  the  car  passes.  As  at  the  same 
time  the  whole  weight  transported  is  much  smaller  than  that  of 
the  railway  carriage,  it  is  possible  that  the  comparatively  slight 
vibrations  are  sometimes  not  so  much  felt,  as  the  displacement 
of  the  body  of  a  railway  carriage,  of  so  many  tons,  of  which  the 
centrifugal  force  due  to  speed  is  also  so  much  greater. 
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November  2nd,  1908. 

JOSEPH  WILLIAM  WILSON,  President, 
IN  THE  Chair. 

THE  FLOW   OF   LIQUID   FUEL   THROUGH 
CARBURETTOR   NOZZLES. 

By  Robert  W.  A.  Brewer,  A.M.Inst.  C.E.,  M.I.M.E., 
M.I.A.E.,  M.S.E. 

The  Action  of  a  Carburettor  Jet. 

In  the  autumn  of  1907  the  author  placed  before  this  Society 
some  figures  showing  the  results  of  his  experiments  upon  the 
evaporation  of  liquid  fuels.  He  there  made  certain  statements 
with  regard  to  the  viscosity  of  various  fuels  and  the  effect  of  this 
viscosity  upon  the  action  of  the  carburettor.  Modern  practice 
in  carburation  of  liquid  fuel  is  almost  universal  in  the  adoption 
of  some  form  of  jet  which  more  or  less  disintegrates  the  fuel  in 
the  presence  of  a  current  of  aii\  We  may  take  it  for  a  fact  that 
in  the  portion  of  the  carburettor  occupied  by  the  jet  only  the 
more  volatile  fractions  of  the  fuel  become  vaporised  and  that  the 
heavier  fractions  are  carried  forward  through  the  mixing  chamber 
into  the  induction  pipe  in  the  form  of  finely  divided  particles  in 
suspension. 

There  is  a  certain  amount  of  difference  of  opinion  amongst 
automobile  engineers  as  to  whether  the  fuel  actually  enters  the 
cylinder  in  the  form  of  a  fine  spray,  but  assuming  that  it  does 
the  question  is  whether  a  loss  of  thermal  efficiency  results  owing 
to  the  explosive  mixture  not  being  homogeneous.  A  statement 
has  also  been  made  to  the  effect  that  fuel  in  a  liquid  form 
entering  the  cylinder  "  cracks  "  and  leaves  tarry  deposits  upon 
the  piston.  The  author  s  opinion,  based  upon  some  considerable 
experience  in  the  utilisation  of  liquid  fuels,  is  that  there  is  very 
little  if  any  loss  of  thermal  efficiency  owing  to  the  fuel  being 
only  partly  vaporised  when  entering  the  cylinder  of  a  high 
speed  engine,  and  that  during  the  compression  stroke  vaporisa- 
tion must  be  practically  completed. 

Also  the  author  has  not  found  tarry  deposits  when  utilising 
petrol  which  has  been  only  partially  vaporised,  but  when  certain 
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paraffins  have  been  mixed  in  large  proportions  with  the  petrol, 
tarry  deposits  have  been  traced. 

Soot,  however,  has  occasionally  formed  owing  to  an  insuffi- 
ciency of  air. 

The  objects  of  a  jet  are  twofold  : — 

(1)  To  regulate  the  rate  of  flow  of  the  fuel  to  suit  the  demands 
of  the  engine. 

(2)  To  disintegrate  the  fuel  mechanically  into  the  finest 
particles  possible. 

Now  these  particles  of  liquid  must  be  converted  into  a  gaseous 
state,  and  one  of  the  most  important  and  difficult  adjustments  to 
be  made  in  connection  with  carburation  is  the  regulation  of  the 
amount  of  heat  which  must  be  supplied  to  equalise  the  latent 
heat  of  evaporation  of  the  fuel. 

In  employing  the  word  "equalise"  the  author  wishes  to 
emphasize  the  several  points  which  have  the  most  important 
bearing  upon  the  subject :  {a)  The  minimum  temperature  at 
which  the  fuel  can  exist  as  vapour ;  Q)  the  time  taken  to  effect 
the  change  between  carburettor  and  engine ;  (c)  loss  due  to 
raising  the  temperature  of  the  charge  above  normal.  Under  the 
heading  (a)  the  subject  was  discussed  by  Mr.  G.  H.  Baillie  in  a 
recent  paper  read  before  the  Eoyal  Automobile  Club.  He  says  : 
"  The  minimum  temperature  at  which  it  is  possible  for  a  fuel  to 
exist  as  vapour  is  obtained  from  the  vapour  tension  curve  of  the 
fuel.  This  curve  gives  the  minimum  temperature  at  which  the 
vapour  has  a  certain  pressure,  and  depends  upon  the  proportions 
of  the  mixture." 

The  pressure  p  in  mm.  of  mercury  is  calculated  from  Sorel's 
formula  h.^^ 

where  Y  is  the  volume  of  air  in  cubic  metres  which  is  mixed 
with  1  kg.  of  fuel  and  relates  to  the  "  proportions  of  the  mixture  " 
and  h  is  the  vapour  density  of  the  fuel  (on  the  ordinary  hydrogen 
scale)  at  15°C.  and  760  mm.  of  mercury  pressure. 

The  Minimum  Temperatures  in  Degrees  Centigrade  at  which 
Mixtures  of  Fuel  and  Air  can  exist  as  Vapour. 


Quantity  of  Air  in  Mixture. 

Minimum  Temperature 

for  Air  and 

Hexane  Mixture. 

Degrees  C. 
-17-7 

-20-6 

-24-2 

Minimum  Temperature 

for  Air  and 

Heptane  Mixture. 

Theoretical  quantity  .     ,     .      . 
Ditto  +  20  per  cent.     .      .      . 
Ditto  +  40  per  cent.    .      .     . 

Degrees  C. 
3-6 

0-7 

-2-0 
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From  these  figures  it  is  evident  that  either  an  excess  of 
air  must  be  added  in  order  to  prevent  freezing  and  to  maintain 
the  vapour  form,  or  heat  must  be  added,  either  to  the  liquid  or 
to  a  portion  of  all  the  incoming  air. 

Taking  the  fact  that  1  kg.  of  petrol  requires  15  •  6  kg.  of  air 
theoretically,  to  produce  a  perfectly  carburated  mixture  and  no 
heat  is  added  during  the  evaporation  of  the  liquid,  the  fall  of 
temperature  would  amount  to  18°  or  19°C.  according  to  the  com- 
position of  the  fuel.  With  a  normal  atmospheric  temperature, 
this  drop  would  result  in  a  final  temperature  of  —  3°  or  —  4°C.  at 
a  gradual  rate  of  evaporation.  In  the  case  of  a  motor-car  engine 
the  time  taken  for  the  passage  of  the  air  from  the  carburettor 
inlet  to  the  engine  inlet  is  about  ^  second,  and  temperatures 
as  low  as  — 10°  C.  have  resulted,  due  to  evaporation  in  this 
short  space  of  time. 

It  is  inconceivable  that  the  whole  of  the  fuel  can  be  evapo- 
rated completely  during  ^  second. 

A  large  excess  of  air  such  as  the  admission  of  18  to  20  kg. 
per  kg.  of  petrol  is  inadvisable,  resulting  as  it  does  in  the  pro- 
duction of  a  large  volume  of  exhaust  gases  and  consequent  loss 
of  heat. 

It  is  necessary,  therefore,  to  allow  only  sufficient  heat  to  be 
carried  in  the  air  to  adjust  the  resulting  temperature  of  the  mix- 
ture so  as  to  prevent  temperatures  below  say  4°  C.  for  heptane 
being  reached  as  a  minimum.  This  implies  that  the  incoming 
air  must  not  be  below  about  22°  C.  for  slow  running  engines 
and  28°  C.  for  high  speed  engines. 

The  author  has  for  some  time  heated  the  liquid  fuel  in 
addition  to  slightly  heating  the  air,  but  difficulties  may  arise 
through  the  formation  of  gas  in  the  float  chamber  of  the  carbu- 
rettor, especially  when  hill-climbing  on  a  low  gear. 

The  heat  in  this  case  is  obtained  from  the  exhaust,  which  is 
an  erratic  source  of  heat  for  the  purpose. 


Viscosity  of  Fuels  under  Variations  of 
Temperature. 

The  utilisation  of  heated  fuels  led  the  author  to  conduct  a 
series  of  experiments  in  order  to  obtain  some  viscosity  ratios  for 
various  fuels,  and  to  discover  to  what  extent  the  addition  of  heat 
to  the  liquid  affected  its  rate  of  flow  through  an  orifice.  When, 
as  is  usual,  the  head  of  petrol  in  the  jet  tube  is  regulated  by 
means  of  a  float,  any  alteration  in  the  specific  gravity  of  the 
Liquid  will  affect  the  buoyancy  of  the  float  and  consequently  the 
head  of  petrol. 

p  2 
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The  author's  figures  for  variation  in  the  specific  gravity  due 
to  a  rise  in  temperature  of  the  liquid  are  as  follows  : — 


Table  I.- 

-Fuel  Tested:  " 

Anglo  0-760." 

Temperature  in  °F. 

Specific  Gravity. 

54 

0-732 

60 

0-730 

65 

0-728 

70 

0-725 

75 

0-723 

81 

0-720 

86 

0-718 

90 

0-715 

95 

0-713 

Theoretical 

100 

0-710 

110 

1 

0-705 

120 

0-700 

130 

0-695 

Curve  A. 

The  above  table  roughly  indicates  a  reduction  of  0  •  005  in 
the  specific  gravity  per  10°  rise  in  temperature,  and  it  will 
be  seen  that  the  decrease  in  the  specific  gravity  is  not  very 
material,  and  would  in  itself  only  tend  to  increase  the  head  of 
petrol  by  allowing  the  float  to  sink  deeper  into  the  liquid  and 
retarding  its  action  on  the  valve  which  it  controls.  In  addition 
we  have  the  effect  of  the  lower  viscosity  due  to  a  rise  of 
temperature. 

From  a  number  of  experiments  which  the  author  has  con- 
ducted with  different  liquid  fuels,  the  following  figures  demon- 
strate the  fact  that  with  a  uniform  head,  the  times  taken  for  the 
fuel  to  pass  through  the  orifice  vary  with  the  temperature  as 
follows : — 


Table  XL— Fuel:  "Anglo  0-760"  Spirit. 
Eflfects  of  temperature  upon  viscosity.     Head  over  orifice 
Tests  of  sample  quantity  through  instrument. 


60  mm. 


Fuel:  "Anglo  0-760  " 

Petroleum  Distillate  between 

Spirit. 

150"  and  300°  C. 

Temperature  °F. 

Time  taken  in  seconds. 

Time  taken  in  seconds. 

58 

270 

400 

75 

255 

390 

90 

220 

375 

110 

180 

120 

165 

135 

150 
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The  actual  pressure  head  varied  slightly  owing  to  the 
decrease  in  the  specific  gravity  at  higher  temperatures,  but  this 
affected  the  results  only  to  the  extent  of  2  per  cent,  at  the  highest 
temperatures,  assuming  the  time  taken  varies  as  the  ratios  of  the 
square  roots  of  the  specific  gravities. 

In  order  to  obtain  comparative  viscosity  figures  for  various 
fuels  by  means  of  this  instrument,  four  samples  were  taken  and 
tested  with  heads  of  30  mm.  and  60  mm.,  and  the  table  shows 
the  actual  times  taken  in  each  case,  together  with  corrected 
values  for  equal  pressures  upon  a  specific  gravity  basis  at  54°  F. 


Table  III. 


Corrected  Values. 

Time  Tab-on 

Fuel. 

Specific 
Gravity. 

Time  Taken. 

H  =  30  mm. 

H  =  60  mm. 

H  =  30  mm. 

H  =  60  mm. 

min 

sec. 

min 

sec. 

min.    sec. 

min.    sec. 

Pratt's  spirit 

0-715 

4 

0 

3 

10 

4       0 

8     10 

"Anglo  0-760".      . 

0-780 

4 

0 

3 

15 

4       8 

8     18 

Distillate    between \ 
150°  and  300°  CJ 

0-795 

8 

15 

6 

30 

8     40 

6    52 

Paraffin  .... 

0-825 

15 

0 

8 

0 

16      8 

8     85 

Thus  the  times  taken  in  practice  are  multiplied  by  the 
square  root  of  their  specific  gravity  and  divided  by  the  square 
root  of  that  of  Pratt's  spirit,  which  is  taken  as  the  standard  in 
these  tests. 

These  figures  are  important  as  showing  the  rate  of  flow  of  say 
a  paraffin  through  a  small  orifice  as  compared  with  the  results 
of  tests  through  an  actual  jet,  diameter  0*95  mm. 

Now  in  the  case  of  benzol  at  low  pressures  and  through  small 
orifices,  the  rate  of  flow  being  lower  than  that  of  petrol,  less 
liquid  will  flow  through  a  given  aperture  in  unit  time,  the 
reduction  in  quantity  is  approximately  proportional  to  the 
difference  in  thermal  value  of  the  two  fuels.  Thus  the  carbu- 
rettor jet  automatically  adjusts  the  flow  of  benzol  so  as  to  pass 
quantities  of  equal  calorific  value  in  unit  time  in  the  case  of 
both  benzol  and  petrol.  M.  Edmond  Ledoux  gives  the  calorific 
values  of  benzol  as  8844  calories  *  per  litre,  petrol  as  7910 
calories  per  litre,  showing  tliat  benzol  has  12  per  cent,  more 
calorific  value  than  petrol.  Also  the  heat  required  to  vaporise  a 
quantity  of  each  liquid  containing  1000  calories  of  heat 

♦  In  all  cases  "  major  calories,"  i.e.  kilogramme-degree  Cent. 
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for  benzol  =  12*9  calories  =  1-29  per  cent.  1    of  the  total  heat 
petrol  =14*1       „         =  1-41    ,,      „      /  of  combustioB. 

From  the  above  figures  89  *  3  volumes  of  benzol  contain  the 
same  quantity  of  heat  as  100  volumes  of  petrol,  and  from  the 
formula 


^  =  ^/'2ffh(^^) 


where  v  =  the  velocity  in  feet  per  sec. 

g  =  the  acceleration  due  to  gravity  =  981  cm.  per  sec. 

per  sec. 
h  =  the  head  over  the  orifice  in  mm. 
D  and  d  are  the  specific  gravities  of  the  liquids  under 

comparison 

the  flow  of  100  volumes  of  petrol  corresponds  to  that  of  88*9 
volumes  of  benzol,  that  is  the  flow  through  a  given  orifice  with 
a  constant  head  is  proportional  to  the  square  roots  of  the 
densities. 

This  reasoning  bears  out  the  automatic  adjustment  argument 
in  connection  with  the  two  fuels. 

That  the  above  is  not  strictly  correct  in  practice  is  obvious 
from  the  fact  that  instead  of  there  being  a  constant  head  it  is 
the  suction  pressure  which  is  constant  for  any  given  engine  speed 
with  either  fuel.  Also  the  viscosity  does  not  vary  directly  as 
the  square  root  of  the  density  in  different  liquids.  As  an 
instance,  oil  and  water. 

In  the  author's  opinion,  borne  out  by  results  of  experiments 
shown  in  Table  IV.  and  curve  H,  the  viscosity  of  benzol  is  almost 
the  same  as  that  of  petrol  when  the  greater  suction  pressures 
are  applied,  and  only  at  low  engine  speeds  and  consequently 
smaller  suction  pressures  is  the  adjustment  automatic.  This 
accounts  for  the  fact  that  it  is  necessary  to  allow  more  air  to 
enter  the  carburettor  at  high  engine  speeds  when  using  benzol. 

A  study  of  Table  IV.  and  curve  H  will  show  that  as  the 
pressure  head  of  liquid  increases,  the  difference  in  the  relative 
viscosities  decreases,  and  also  the  increase  in  the  diameter  of  the 
jet  tube  has  the  same  effect.  Curve  H  shows  the  comparisons 
between  benzol  and  petrol  in  this  respect,  and  it  will  be  noticed 
that  with  an  equivalent  water  head  of  130  mm.,  the  rate  of  flow 
for  benzol  has  been  4  per  cent,  slow  with  1  -40  mm.  diameter  jet, 
11  per  cent,  slow  with  1-20  mm.  jet,  28  per  cent,  slow  with 
1  •  00  mm.  diameter  jet  as  compared  with  "  0  •  760  Anglo  "  petrol 
under  the  same  conditions  of  temperature. 
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Table  IV.  (A). — Times  taken  fob  2  oz.  op  Liquid  Fuel  at  55°  F.  to  Flow 

THROUGH    AN   OkIFICE    0-95  MM.  DiAM. 


Fuel. 

Head  over  Onfc  in      i     ,„«r7J^^'e?,„, 

Specific                       ™™-                           Equal  Pressures. 
Gravity.                                             | 

30     1     40           60           30           40 

6o 

"Anglo  0-760"     .      .      . 
Distillate  from  paraflBn     . 
lienzol 

sec.          sec           sec.          sec. 
0-730        77         70         50         77 

0-795       165        142          ..        172 

0-885       105          97     |     76        116 

1             1 

sec. 
70 

148 

106 

sec. 
50 

80 

Table  IV.  (li).  —Times  taken  for  2  oz.  of  Liquid  Fuel  at  od°  F.  to  Flow 

THROUGH    AN'    OrLFICE    1-2    MM.  DiAM. 


c       .fl        Equivalent  Head  for    Head  for  Head  for 

^'"^^-  Grav  tv        ^^^o\    =  120  mm.      Petrol  =  150  mm.       Petrol  =  180  mm. 

^-   :     Benzol  =  99  mm.      Benzol  =  124  mm.       Benzol  =  148  mm. 


"Anglo  0-760' 
Benzol  . 


0-730 
0-885 


sec. 

sec. 

62 

35 

75 

37 

30 
33 


Table   IV.  (C). — Quantities   of    Benzol  (sp.  gr.   0  875)   Flowing  through 
Orifices  in  Gallons  per  Hour.     Temperature,  6G°  F. 


Diameter  ot  Orifice 
in  mm. 

Fuel  Head  =  120  mm. 
Equivalent  Water  Head  =  105  mm. 

150 
131 

180 
157 

1-0 

gal. 
0-775 

gal. 

0-94 

gal. 
1-07 

1-2 

1-21 

1-36 

1-55 

1-4 

1-83 

2-06 

2-25 

Table   IV.  (D).— Quantitles  op  Benzol  (sp.  gr.  0-875)    Flowing    through 
Orifices  in  Litres  per  Hour.     Temperature,  (jif"  F. 


Diamctf  r  of  Orifice                     Fuel  Head  =  120  mm. 

in  mm.                     J-Jquivalent  Water  Head  =  105;mm. 

150 
131 

litres. 
4-27 

6-18 

9-31 

180 
157 

1-0 
1-2 
1-4 

litres. 
3-52 

5-5 

8-32 

litres. 
4-86 

7-04 

10-22 
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The  theory  that  the  friction  of  a  small  jet  orifice  is  greater  in 
the  case  of  benzol  than  that  of  petrol  is  thus  borne  out. 

Suction  and  Air  Velocity. 

Curve  D  is  the  theoretical  curve  showing  the  relation  between 
suction  and  air  velocity,  and  is  based  on  the  relation 


V  =  \/2gh 

the  formula  for  falling  bodies,  where 

V  =  the  velocity  in  feet  per  second, 

g  =  acceleration  due  to  gravity  =  32  *  2  feet  per  sec. 

h  =  the  head  of  the  liquid  in  feet. 

This  is  drawn  to  two  scales,  the  larger  one  reading  to  a 
velocity  of  64  feet  per  second  and  showing  1  inch  of  water,  and 
reading  down  to  lower  values  in  tenths  and  hundredths  of  an 
inch  of  water ;  the  smaller  scale  reads  up  to  12  inches  of  water 
suction  and  represented  by  an  air  velocity  of  220  feet  per  second. 
From  this  curve  it  is  possible  to  find  the  approximate  suction 
pressure  in  any  part  of  the  carburettor  system  for  any  particular 
engine  speed,  knowing  of  course  the  dimensions  of  the  engine 
and  the  area  of  the  aperture  for  which  the  suction  pressure  is 
calculated. 

The  author  conducted  a  series  of  experiments  with  a  Longue- 
mare  carburettor  having  an  air  inlet  30  mm.  diameter  on  the 
engine  side.  The  main  air  inlet  was  25  mm.  diameter  =  4*9 
sq.  cm.  area  tapering  towards  the  jet  to  34  mm.  diameter  where 
it  enters  the  jet  chamber  (see  diagram).  The  suction  pressure 
was  measured  in  this  tapered  portion  by  means  of  a  draft  gauge, 
and  the  figures  obtained  are  given  in  column  2  in  Table  V.  In 
calculating  the  theoretical  values  the  larger  area  of  inlet  (dia- 
meter 34  mm.)  =  9  sq.  cm.  has  been  taken,  and  the  results  all 
fall  below  the  actual  figures  obtained  experimentally.  The 
whole  of  these  are  shown  in  curve  E  and  their  differences  in 
curve  F. 

If,  however,  the  theoretical  suctions  are  calculated  on  the 
smaller  area,  viz.  4*9  sq.  cm.*  a  great  difference  is  noticed,  and 
whereas  the  actual  figures  are  higher  than  the  theoretical  by  an 
amount  ranging  between  0*28  inch  in  the  lower  to  0*4  inch  in 

♦  By  "calculating  suctions  upon  certain  areas,"  the  author  signifies  that 
the  piston  displacement  in  unit  time  has  been  divided  by  the  area  in  question, 
which  gives  a  certain  linear  velocity.  This  velocity  he  terms  the  "  theoretical 
value  of  air  velocity  giving  a  theoretical  suction  pressure  "  at  any  point. 
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the  liigher  values,  yet  when  the  smaller  area  of  inlet  is  calcu- 
lated upon,  the  differences  are  in  the  opposite  direction,  i  e.  the 
experimental  results  are  below  the  theoretical  ones  by  amounts 
varying  between  0*28  inch  in  the  lower  to  6  inches  in  the  higher 
values. 

The  diagram  shows  the  dimensions  of  the  different  portions 
of  the  carburettor  tested,  and  the  author  leaves  for  discussion  the 
question  as  to  which  area  the  theoretical  suction  should  be 
calculated  upon.  In  the  lower  values  the  actual  suction  is  about 
the  mean  of  the  two  theoretical  suctions. 

Table  V.  shows  the  air  velocities  together  with  their  corre- 
sponding suctions  when  the  smallest  choke  tube  (30  mm.  dia- 
meter) is  used  and  when  the  extra  air  inlets  are  open  or  closed. 
It  will  be  seen  that  when  the  engine  speed  rises  above  500  revs, 
per  minute  an  abnormal  suction  occurs  until  the  extra  air  inlets 
are  open.  The  effect  of  opening  these  in  this  case  is  to  reduce 
the  suction  to  one- tenth  its  previous  amount. 

The  Passage  of  Petrol  through  a 
Single  Orifice. 

The  object  of  the  experiments  contained  in  this  series  was  to 
obtain  some  practical  data  for  the  use  of  the  motoring  world  at 
large,  as  distinct  from  purely  theoretical  deductions. 

The  test  apparatus  consisted  of  a  small  brass  tank  having 
a  tube  fixed  into  the  bottom  which  terminated  at  the  other 
end  in  a  tee  piece.  Into  this  tee  pi-ece  jet  tubes  were  screwed 
in  turn,  each  jet  tube  having  been  carefully  drilled  to  -j-Jq  mm. 
in  diameter.  The  tubes  used  in  the  experiments  ranged  from 
0*95  mm.  to  1*40  mm.  diameter  in  the  bore,  and  the  head  of 
the  liquid  was  varied  within  wide  limits. 

For  the  first  series  pressure  heads  between  30  mm.  and  90 
mm.  were  taken  in  order  to  ascertain  the  probable  amount  of 
friction  in  passing  through  the  tube  at  low  speeds,  but  with  the 
30  mm.  heads  (  =  22  mm.  of  water)  less  liquid  passed  through  than 
would  be  the  case  in  actual  practice  except  under  conditions  of 
no  load  or  very  light  load.  Tlie  90  mm.  head  (=66  mm.  of 
water)  corresponds  to  the  suction  when  the  car  is  running  on  the 
level  with  throttle  partially  open,  the  area  of  the  aperture  being 
then  2*5  sq.  cm.,  full  throttle  area  being  3*8  sq.  cm. 

In  carrying  out  these  experiments  the  fuel  in  the  tank  was 
kept  at  a  constant  level  and  the  time  noted  in  which  a  given 
quantity  of  fuel  passed  through  the  orifice  in  the  jet  tube.  This 
was  done  for  heads  of  30,  60,  and  90  mm.  and  upwards  with 
each  size  of  jet,  and  the  appended  Table  VI.  shows  the  quantity 
of  fuel  passing  through  the  orifice  in  gallons  per  hour  in  addition 
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to  the  time  taken  in  seconds  for  the  sample  quantity.  Inter- 
mediate values  have  been  filled  in  from  the  curves  produced 
experimentally,  and  the  values  have  been  cross  checked,  assuming 
that  the  flow  has  been  proportional  to  the  area  of  the  jet  or  to 
(P  and  to  the  square  root  of  the  head  =  h. 

Table  VI. — Claudel  Hobson  Carburettor. 


Diameter 

of  Orifice 

Id  mm. 

Fuel 

Head 

in 

mm. 

Quantity 

Flowing  in 

Gallons  per 

Hour=: 

Time  taken 

for  Unit 

Quantity 

to  Flow 

through  z=i    1 

^  _    3600  . 

80  XQ 

Diameter 
of  Orifice 
in  mm. 

Fuel 

Head 

in 

mm. 

Quantity 

Flowing  in 

Gallons  per 

Hour  = 

Time  taken 
for  Unit 
Quantity 
to  Flow- 
through  = 
i_    3600    . 
80  X  Q 

sees. 

sees. 

0-95 

30 

0-32 

140 

1-20 

30 

0-515 

87 

'J 

60 

0-454 

99 

7J 

60 

0-725 

62 

90 

0-562 

80 

)) 

90 

0-895 

50 

)) 

120 

0-645 

69 

9) 

120 

1-03 

43 

»» 

150 

0-725 

62 

n 

150 

1-16 

38 

1-00 

30 

0-352 

127 

1-25 

30 

0-56 

80 

,) 

60 

0-51 

88 

j> 

60 

0-786 

57 

j; 

90 

0-62 

72 

»» 

90 

0-97 

46 

)) 

120 

0-715 

62 

»j 

120 

1-116 

40 

>5 

150 

0-805 

55 

»? 

150 

1-25 

35 

105 

30 

0-392 

114 

1-30 

30 

0-608 

73 

)j 

60 

0-554 

81 

}> 

60 

0-85 

52 

•n 

90 

0-684 

65 

J5 

90 

1-052 

42 

«9 

120 

0-786 

57 

)) 

120 

1-208 

37 

>» 

150 

0-886 

50 

'» 

150 

1-36 

33 

1-10 

30 

0-433 

104 

1-35 

30 

0-655 

68 

»» 

60 

0-61 

73 

)« 

60 

0-915 

49 

» 

90 

0-752 

59 

»» 

90 

1-13 

39 

jy 

120 

0-865 

52 

)) 

120 

1-30 

34 

»> 

150 

0-974 

46 

S) 

150 

1-465 

30 

115 

30 

0-474 

95 

1-40 

30 

0-705 

63 

)t 

60 

0-665 

67 

)) 

60 

0-987 

45 

«; 

90 

0-821 

54 

j> 

90 

1-216 

37 

» 

120 

0-943 

47 

j> 

120 

1-4 

32 

»» 

150 

1-064 

42 

" 

150 

1-58 

28 

Certain  experimental  errors  have  crept  in,  particularly  at  the 
lower  values,  owing  to  the  orifice  at  times  becoming  partially 
fouled,  but  in  the  table  these  errors  are  neglected  and  approxi- 
mately true  values  given.  On  the  whole,  however,  the  experi- 
mental points  have  agreed  very  well,  and  the  curves  have  been 
located  upon  the  majority  of  the  points  obtained. 

In  conducting  these  tests  it  was  remarkable  how  easily  the 
flow  through  the  smaller  orifices  became  erratic,  which  may 
account  for  the  difiiculty  which  is  often  experienced  in  practice 
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in  running  an  engine  very  slowly  for  any  length  of  time.  In 
many  cases  constant  pricking  of  the  orifice  became  necessary  in 
order  to  obtain  any  sort  of  consistency  in  the  data.  The  curves 
obtained  are  shown  in  curve  C  for  a  fuel  temperature  of 
55°  F. 

Now  it  was  noticed  that  an  increase  in  the  temperature 
affected  the  viscosity  as  shown  in  Table  II.  when  the  fuel  was 
tested  with  the  instrument,  therefore  samples  were  tested  at 
70°  F.  in  the  jet  apparatus,  and  the  results  compared  with  those 
obtained  at  55°  F.  are  shown  plotted  in  curve  K.  These  upper 
curves  are  again  shown  in  curve  H  compared  with  experimental 
values  for  the  flow  of  benzol  at  the  same  temperature,  with  the 
pressure  heads  reduced  to  a  water  standard  in  each  case. 

It  will  be  noticed,  for  instance,  that  with  a  jet  diameter  of 
1*40  mm.  the  rate  of  flow  with  a  pressure  head  of  180  mm.  is 
1  •  8  gallons  per  hour  at  55°  F.  and  that  it  increases  to  2  •  14 
gallons  per  hour  when  the  temperature  of  the  liquid  is  increased 
to  70°  F.  Again,  with  a  jet  diameter  of  1  •  20  mm.  and  a  head 
of  150  mm.  the  flow  at  55°  F.  is  1*2  gallons  per  hour  and  at 
70°  F.  increases  to  1  •  5  gallons  per  hour. 

The  series  of  jets  upon  which  these  tests  were  made  were 
from  the  Claudel-Hobson  carburettor.  The  author  fitted  one  of 
these  carburettors  to  his  engine  so  that  the  results  could  be 
verified  in  the  reverse  direction.  Whereas  the  bench  tests 
consisted  in  pressure  head  tests,  those  on  the  road  were  suction 
tests. 

A  large  number  of  these  were  carried  out  with  {a)  open 
throttle,  (h)  partial  throttle,  (c)  on  top  gear,  {d)  on  second  gear, 
(e)  on  first  gear. 

The  actual  suctions  at  various  engine  speeds  were  obtained 
by  means  of  a  water  manometer,  the  tube  from  which  was  taken 
to  a  position  in  the  main  air  inlet,  and  afterwards  a  small  dia- 
meter tube  was  entered  below  the  air  strangler  chamber.  Some 
of  the  results  of  these  experiments  are  given  in  Table  VII.  and 
curve  G,  and  taken  in  conjunction  with  curve  C  it  becomes  an 
easy  matter  to  find  the  rate  of  flow  of  petrol  through  the  orifice 
under  any  given  conditions. 


Explanation  of  Curve  G  and  Table  VII. 

A  study  of  curve  G  will  show  the  effect  of  having  the  throttle 
full  open  or  partially  closed.  With  a  full  opening  the  suction 
increases  along  practically  a  straight  line,  slightly  falling  off  at 
maximum  rates  of  revolution  of  the  engine.  This  effect  is  more 
marked  in  the  case  of  suctions  observed  at  the  throttle  itself. 
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Table  VII.  (A). — Experimental  Suctions  in  Inches  of  Water  at 
Carburettor  Inlet. 


Full  open  Throttle. 

Miles 

Engine  revs. 

Running 

Running  on 

Level 
on  Low  Gear. 

Top  Gear. 

per  Hour. 

per  mm. 

Light. 

On  HUls.         On  Level. 

in. 

in. 

in.                    in. 

16 

500 

. , 

2-2 

18 

560 

, , 

3-0             0-75 

20 

630 

. . 

4-0 

22 

700 

1-4 

•  • 

. 

2-3 

24 

750 

, , 

2-2 

5-5 

25 

790 

6-0 

25-5 

800 

1-6 

2-5 

28 

880 

., 

7-0 

28-6 

900 

, . 

3-6 

4-4 

30 

940 

, . 

7-8 

32 

1000 

2-3 

7-0 

33-3 

1050 

3-0 

8-8 

6-0 

37 

1150 

5-0 

•• 

9-5 

•• 

Table  YII.  (B). — Experimental  Suctions  at  Throttle  in  Inches  of  Water. 


Miles  per  Hour. 

Engine  rcvs.  per  min. 

Running  Light  on 
Second  Gear. 

Throttle  Full  Open 
on  Top  Gear. 

in. 

in. 

19 

600 

1-9 

1-9 

25-5 

800 

2-4 

2-4 

28 

880 

2-8 

30 

940 

3-2 

3-0 

33 

1040 

4-0 

3-5 

35 

1100 

4-5 

38-3 

1200 

60 

4-5 

42 

1320 

4-5 

On  the  contrary,  when  the  engine  runs  fast  with  the  throttle 
closed  down,  the  curve  takes  an  upward  turn  at  the  highest 
engine  speeds.  This  is  most  marked  when  the  engine  runs 
absolutely  unloaded,  and  with  the  car  running  on  the  level  with 
the  low  gear  in  operation. 

This  increase  of  local  suction  is  due  to  the  small  aperture 
through  the  throttle,  and  is  more  marked  as  the  aperture  is 
reduced  in  size. 

The  observations  below  the  strangler  are  probably  out  of  pro- 
portion to  those  at  the  main  inlet,  as  the  observation  hole  was 
very  small  and  it  was  necessary  to  introduce  a  line  glass  tube  in 
place  of  the  larger  rubber  tube  in  the  first  set  of  observations. 
The  small  tube  observations,  however,  bear  similar  relations  to 
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each  other  under  the  conditions  of  throttle  opening,  as  those 
taken  with  the  larger  tube.  A  theoretical  curve  "  calculated 
upon  an  area  of  3  •  8  sq.  cm."  is  shown  for  comparison,  the  theo- 
retical air  velocity  is  obtained  relating  to  this  area,  and  the 
suction  pressure  value  taken  from  the  air  velocity  curve  D,  and 
it  will  be  seen  how  very  nearly  the  experimental  values  agree 
with  these. 

Table  VIII.  and  curve  H  are  theoretical  ones  calculated 
directly  from  the  measurements  of  the  particular  engine  and 
carburettor  tried,  and  show  the  velocity  of  air  at  the  carburettor 
inlet,  which  was  9*2  sq.  cm.  in  area,  the  area  of  inlet  to  the  air 
strangler  being  250  sq.  mm.,  and  the  hole  in  the  jet  1  *  05  mm. 
diameter. 

The  suctions  have  been  calculated  from  curve  D,  given  in  the 
paper.  As  in  the  case  of  the  Longuemare  carburettor,  the  air 
openings  had  to  be  increased  at  about  500  revs,  per  min.  of  the 
engine  as  the  suction  exceeded  practical  limits  for  the  jet. 

The  last  column  in  the  Table  gives  the  calculated  values  on 
a  full  opening  of  the  throttle  of  3*85  sq.  cm.  in  area.  Now  the 
values  obtained  in  this  manner  from  curve  D  will  be  minimum 
values  as  the  throttle  is  not  always  full  open,  so  in  order  to 
obtain  true  values  the  maximum  must  be  found,  and  this  is 
calculated  from  curve  C  and  Table  VI.  giving  the  flow  through 
jet  tubes. 

The  mean  of  these  two  values  will  be  obtained  in  actual 
practice,  and  in  order  to  verify  this  reckoning  the  author  carried 
out  experiments  with  three  different  fuels,  reducing  the  suction 
in  each  case  to  water  standard. 

The  results  of  the  tests  are  given  in  Table  IX.  The  values 
obtained  from  actual  experiment,  column  7,  are  practically  the 
means  of  columns  8  and  9.  Experiments  of  this  nature  are 
exceedingly  difficult  to  carry  out  with  any  great  degree  of 
accuracy,  owing  to  the  variations  of  road  conditions. 

The  object  of  this  series  of  investigations  was  to  show  how  it 
becomes  an  easy  matter  to  ascertain  the  size  of  carburettor  orifice 
to  satisfy  prevailing  conditions  of  cylinder  and  carburettor 
dimensions,  and  to  point  out  to  the  motorist  some  of  the  inter- 
esting problems  in  connection  with  the  carburettor.  Although 
laboratory  accuracy  has  not  been  attempted,  the  results  obtained 
have  been  sufficiently  consistent  and  interesting  to  be  embodied 
in  the  form  of  a  paper. 

The  author  is  unaware  of  any  paper  on  this  subject  having 
been  previously  read  in  this  country,  and  he  will  have  achieved 
his  object  (if  this  matter  is  clearly  understood)  in  showing  that 
by  simple  reasoning  certain  important  but  small  dimensions  in 
connection  with  carburettor  orifices  can  be  arrived  at. 
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The  author  hopes  that  by  these  methods,  rule-of-thumb  trials 
cau  be,  to  a  certain  extent,  eliminated,  and  a  clearer  notion  of  the 
action  of  a  carburettor  orifice  obtained  by  the  average  motorist. 

The  author  wishes  to  thank  the  staff  in  his  office  who  have 
assisted  in  working  out  results  and  prepared  the  curves  and 
drawings. 


APPENDIX. 


Since  the  author  read  his  previous  paper  before  the  Society 
of  Engineers,  a  large  firm  of  distillers  of  benzol,  the  Semet-Solvay 
Co.,  of  New  York,  have  carried  out  a  series  of  tests  on  the  lines  of 
those  described  in  the  paper.  The  engineer  of  the  company, 
'Mi.  E.  a.  Barnes,  has  now  furnished  the  author  with  the  results 
of  these  tests,  which  agree  very  favourably  with  the  results 
already  published.  In  comparing  the  distillation  figures  it  must 
be  noted  that  the  percentages  refer  to  the  distillation  at  100°  C. 
in  the  American  tests,  whereas  those  in  England  are  reckoned 
at  120°  C,  that  is  to  say  90  per  cent,  benzol  implies  the  boiling 
off  of  90  per  cent,  of  the  volume  at  or  under  100°  C.  In  con- 
versation with  the  author,  Mr.  Barnes  pointed  out  that  in  spite 
of  America  being  a  petroleum  producing  country,  benzol  was 
making  considerable  progress  as  a  fuel  for  internal  combustion 


Experiments  on  the  Use  of  Benzol  in 
Petrol  Engines. 

Brake  test  on  a  Cadillac  4-cylinder  20-H.P.  engine,  cylinders 
4-inch  bore,  4i^-inch  stroke,  water  cooled,  normal  compression 
75  lb.  per  sq.  in. 

The  carburettor  was  arranged  so  that  air  could  be  taken  in 
both  at  tlie  main  and  auxiliary  openings  from  a  sheet  ii'on  jacket 
surrounding  the  exhaust.  The  air  thus  secured  was  so  hot  as  to 
make  the  inlet-pipe  unbearable  to  the  touch. 

A  Prony  brake  was  used,  the  brake-wheel  being  bolted 
direct  to  tlie  engine  shaft. 

Petrol. — The  engine  was  first  tested  on  petrol,  the  hot-air 
pipe  being  removed. 

At  1000  R.P.M.  and  18  H.P.,  the  thermal  efficiency  was 
18*87  per  cent.  This  is  good  laboratory  practice  for  this  type 
of  engine. 

Benzol. — Lebanon  light  oil  No.  303,  distilling  about  83  per 

Q 
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cent,  at  100°  C.     This  oil  was  unwashed  and   had  the  usual 
disagreeable  odour,  but  was  entirely  free  from  naphthalene. 

The  hot-air  pipe  was  put  on  and  during  test  was  warm  to 
touch.  No  carburettor  adjustments  were  made.  The  engine 
started  easily  and  ran  perfectly,  the  exhaust  being  clear  and 
odourless.     After  test  the  sparking  plugs  showed  no  sooting. 

Two  20-minute  runs  were  made  at  1000  E.P.M.  and  16  H.P. 
The  average  thermal  efficiency  was  19*8  per  cent. 

Benzol. — Lebanon  light  oil  No.  302,  showed  same  distillation 
test  as  No.  303.  The  colour,  however,  was  darker  than  that  of 
No.  303,  being  almost  black  against  a  dark  background,  and 
dark  green  when  transmitting  light. 

The  oil  had  in  suspension  black  particles  of  foreign  matter, 
like  carbon,  and  a  small  quantity  of  globules,  like  heavier  oil. 

The  engine  started,  ran  for  a  few  minutes,  stopped,  and 
could  not  be  started  again. 

The  carburettor  needle-valve  was  clogged  with  heavy  viscous 
matter. 

After  waiting  a  day  the  engine  ran  perfectly  on  the  same  oil, 
the  difference  probably  being  due  to  the  oil  being  shaken  up  at 
first.  After  lying  a  day  the  foreign  matter  would  settle  down, 
and  the  oil  would  be  practically  filtered. 

Two  20-minute  runs  were  made  at  1000  E.P.M.  and  16*5 
H.P.     The  average  thermal  efficiency  was  18*7  per  cent. 

The  exhaust  was  clear  and  odourless,  and  the  sparking  plugs 
were  free  from  soot.     The  hot-air  pipe  was  used. 

A  short  capacity  test  gave  21  '6  H.P.  at  1200  E.P.M.  This 
test  was  not  conclusive. 

Benzol. — Wheeling  light  oil,  distilling  78  per  cent,  at  100°  C. 
and  97  per  cent,  at  130°  C. 

With  the  throttle  closed  the  engine  ran  fairly  regularly,  but 
when  opened  the  engine  slowed  down  and  stopped. 

The  failure  of  this  test  may  have  been  due  to  the  fact  that 
the  hot-air  pipe  was  not  on  the  auxiliary  air-supply. 

After  an  interval  of  three  weeks  the  same  oil  was  tried 
mixed  with  10  per  cent,  denatured  alcohol.  The  hot-air  pipe 
was  on. 

The  engine  started  and  ran  well.  Exhaust  was  clear  and 
sparking  plugs  were  clean. 

The  thermal  efficiency  with  a  load  of  17*4  H.P.  at  1000 
E.P.M.  was  19-7  per  cent. 

At  the  end  of  20-minutes  test  the  load  was  reduced  to  6  H.P, 
and  the  engine  ran  for  one  hour,  the  carburettor  then  showed 
only  slight  traces  of  a  residue  of  heavy  oil. 

Another  test  was  made  with  the  wheeling  oil  only  and  the 
hot-air  pipe  on. 


THROUGH    CARBURETTOR   XOZZLES. 


215 


The  engine  gave  slight  trouble  in  starting,  but  otherwise  ran 
well,  and  a  20-minutes  test  was  made,  the  thermal  efficiency 
being  13*6  per  cent.  The  carburettor  showed  slight  traces  of 
heavy  oil. 

Benzol. — Syracuse  light  oil,  containing  about  50  grammes 
per  litre  of  naphthalene.  The  engine  started  well,  but  after  a 
short  time  the  carburettor  became  clogged  with  naphthalene.  A 
trial  was  then  made  with  50  per  cent.  Syracuse  and  50  percent, 
alcohol.  The  engine  ran  well  light,  but  would  not  carry  any 
load.     The  carburettor  was  again  found  full  of  naphthalene. 

The  following  percentage  mixtures  were  also  tried : — 


Alcohol 

Jieuzol  Wheeling  L.O.     .     . 

75 
25 

50 
50 

25 
75 

20 
80 

15 

85 

10 
90 

100 

100 

100 

100 

100 

100 

Alcohol 

Petrol 

per  cent. 
50 
50 

Alcohol 

Benzol  Lebanon  L.O. 

per  cent. 
50 
50 

100 

100 

Alcohol 

Benzol  Wheeling  L.O.    . 
Petrol 

33J 
33| 
100 

Alcohol 

Benzol  Wheeling  L.O.    .      . 
Petrol 

50 
25 
25 

100 

With  all  the  benzol  mixtures  the  operation  was  very  regular, 
and  it  was  possible  to  carry  a  good  load. 


Table  op  Kesults. 


Cals.  per  kilo     . 
(als.  per  litre    . 
Specific  gravity 
Horrf<'-po\ver 
li.P.M.    .      .      . 
Lb.  perB.H.P.  hour 
Gulls.       „ 
Thermal  eflBciency 
per  cent. 


Pe»rol. 


11235 

7808 
0-095 
18-1 

1000 
0-JJ7 
0115 

18-87 


Lebanon 

90 

lier  cent.  Benzol  )  _ 
per  cent.  Alcohol  j  "" 

Benzol, 

Alcohol. 

10 

No.  302. 

100  per  cent. 

9979 

6572 

9775 

8712 

5362 

8354 

0-873 

0-82 

0-856 

10-G 

17-5 

17-4 

1000 

1000 

1000 

Q'lW) 

1-16 

0-73 

0-1035 

0-116 

0100 

18-7 

18-5 

lir7 

Q   2 
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The  mixtures  containing  50  per  cent,  and  75  per  cent,  alcohol 
gave  trouble  in  starting,  the  engine  having  first  to  be  warmed 
on  petrol.     The  others  started  easily. 

As  the  alcohol  increased,  the  auxiliary  air  valve  had  to  be 
shut  down  more  and  more  until  it  was  tight  shut.  On  all  other 
mixtures  the  engine  started  and  ran  perfectly,  carrying  a  good 
load. 

Comparison  between  petrol  and  benzol  on  a  motor  truck. 
Engine  2-cycle,  4-cylinder,  developing  40  H.P.  The  tests  were 
made  over  the  same  road  in  each  case. 


Petrol. 


Benzol. 


Gross  load  in  lb 

Fuel  used  in  galls. 

Fuel  used  per  gross  ton  in  gall. 

Kelative  economy     .... 


10535 

10380 

4-15 

3-20 

0-787 

0-616 

1-0 

0-782 

Increased  economy  of  benzol  over  petrol  =  21*8  per  cent. 

Comparison  between  petrol  and  benzol  on  a  6-cylinder,  35 
H.P.  touring  car.  The  route  in  each  case  consisted  of  2  laps  of 
8^  miles,  the  road  was  dry  but  rough  in  parts,  necessitating 
several  reductions  of  speed. 


Time  for  covering  the  course  .      .      .      . 

Length  of  course,  miles 

Average  speed,  miles  per  hour     . 

Time  for  best  lap 

Average  speed,  best  lap,  miles  per  hour 

Fuel  consumed,  gallon 

Fuel  consumed  per  mile,  gallon 
Fuel  consumed  per  mile,  ratio     . 

Miles  per  gallon  of  fuel 

Miles  per  gallon  of  fuel,  ratio 


Petrol. 


41  min.  16  sec. 

36 

min.  7  sec. 

17 

17 

24-7 

28-2 

19  min.  51  sec. 

17 

min.  1 1  sec. 

25-7 

29-7 

1-15 

1-019 

0-0676 

0-0600 

1-13 

1-0 

14-78 

16-68 

1-0 

113 

Benzol. 


Comparison  between  petrol  and  benzol  on  a  motor  boat. 
Engine  2-cylinder,  2-cycle,  speed  =  750  E.P.M.,  H.P.  =  10, 
giving  boat  speed  of  12  miles  per  hour.  A  course  of  8  miles 
was  run  in  each  case. 

The  operation  on  benzol  was  very  satisfactory.  Combustion 
was  more  nearly  perfect,  giving  a  clear  exhaust  instead  of  a 
smoky  exhaust  as  with  petrol. 
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Petrol. 

Benzol. 

Time  for  covering 
Time  for  covering 
Fuel  used,  com . 

two  mi 

course 

les  .      .      . 

.      .              9 J  mill. 
.      .              38  min. 
.      .                2700 

10^  min. 
39  min. 
2400 

Fuel  used. 

gallon 
ratio 

.      .              0-713 

0-634 

Fuel  used. 

•      • 

.      .      .      . 

1-12 

1 

Conclusions. 

These  tests  indicate  that  unwashed  benzol  free  from  naphtha- 
lene with  the  distillation  test  in  the  neighbour! lood  of  80  per 
cent,  at  100°  C.  can  be  used  with  satisfactory  results  in  the 
internal  combustion  engine. 

Economy  over  petrol  ranges  from  10  percent,  to  13  per  cent, 
by  volume. 

A  slight  difference  in  carburettor  adjustment  is  desirable,  but 
not  essential. 

Witli  ordinary  care  there  is  no  sooting  of  sparking  plugs, 
excessive  deposits  of  carbon,  or  sticking  of  the  valves. 

The  disagreeable  odour  of  the  fuel  in  the  liquid  state  is  an 
objectionable  feature.  The  exhaust,  however,  is  odourless  when 
the  proper  adjustments  are  adhered  to. 


DISCUSSION 

The  President  said  that  those  present  would  remember 
the  valuable  paper  which  the  autlior  read  to  the  Society  thirteen 
months  ago,  and  the  excellent  discussion  they  had  upon  it. 
They  now  had  to  thank  him  for  coming  forward  again  and 
giving  them  the  results  of  his  further  experiments  and  investi- 
gations. It  was  clear  that  some  more  reliable  data  were  required 
on  the  matter,  and  notice  should  be  taken  of  wliat  the  author 
said  in  the  paper  that  '  The  object  of  the  experiments  contained 
in  this  series  was  to  obtain  some  practical  data  for  the  use  of 
tlie  motoring  world  at  large,  as  distinct  from  purely  theoretical 
deductions."  They  had  all  met  with  papers  which  were  obviously 
written  not  so  much  to  elucidate  special  ])oints  in  scientific 
research  as  to  show  that  the  authors  were  clever  men,  and  could 
indeed  pro(hice  papers  which  hardly  anybody  else  could  under- 
stand. In  the  present  case  it  was  just  the  opposite  ;  and  lie 
proposed  that  tlie  tlianks  of  the  Society  be  given  to  the  author 
for  his  })aper. 

The  proposal  was  carried  ])y  acclamation. 
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Mr.  Worby  Beaumont  said  that  the  author  had  made 
experiments  and  had  taken  a  great  deal  of  trouble  to  give  them 
the  results.  While  crediting  the  author  with  every  desire  to 
help  those  who  tried  to  arrive  by  calculation  at  results,  which, 
at  present  they  could  only  reach  by  experiments,  he  thought 
that  the  author  had  failed  to  help  them  much.  Italy,  France, 
Belgium,  Holland,  Germany  and  Great  Britain,  were  all  strug- 
gling for  pre-eminence  in  the  construction  of  motor  vehicles 
using  petrol  and  the  like  as  fuel,  and  they  all  had  to  use 
carburettors.  Many  experiments  and  calculations  had  been 
made  with  a  view  to  finding  out  how  a  carburettor  should  be 
designed,  yet  notwithstanding  the  really  scientific  work  which 
had  been  done,  no  one  in  those  several  countries  had  made  a 
carburettor  which  would  perform  all  its  functions  with  certainty. 
That  was  because  nobody  had  yet  considered  the  whole  of  the 
controlling  influences  affecting  a  carburettor.  One  of  the  most 
effective  carburettors  which  he  knew  of  was  a  thing  which  cost 
about  StZ.,  in  the  shape  of  a  little  squeeze  oil-can.  When  no 
other  carburettor  would  cause  an  engine  to  work,  or  at  all  events 
to  start,  it  would  squirt  a  little  petrol  into  the  right  place,  and 
it  found  its  own  quantity  of  air.  Provided  that  they  got  the 
petrol  into  the  thing  that  had  to  burn  it,  and  somewhere  near 
the  thing  that  was  to  set  light  to  it,  and  in  a  sufficiently  divided 
form  with  some  air,  they  obtained  combustion.  Many  people 
had  made  carburettors  with  very  pretty  arrangements  of  jets 
impinging  in  this  or  that  direction,  but  they  had  forgotten  that 
the  petrol  was  not  sent  in  under  pressure  and  that  it  only  passed 
through  the  jet  because  there  was  an  inducing  current  of  air 
which  would,  if  it  had  the  opportunity,  take  with  it  a  certain 
amount  of  petrol.  They  had  forgotten,  too,  that  if  the  passages 
through  which  that  air  and  the  petrol  went  were  not  absolutely 
smooth  and  straight,  the  petrol  would  get  broken  up  with  the 
air  in  its  course  towards  the  cylinder  of  the  en^dne,  and  that  the 
air  went  in  very  much  like  a  rope  of  air  pulled  into  the  tube, 
carrying  with  it,  in  its  own  direction,  and  only  in  that  direction, 
whatever  hap2)ened  to  be  injected.  When  the  passage  would 
allow  a  suitable  motion  and  velocity  of  the  air,  and  when  the 
petrol  was  broken  up  into  a  very  fine  spray,  then,  as  a  rule,  it 
was  found  that  they  j^ot  the  best  results,  and  they  found  that  it 
did  not  matter  wliether  a  certain  part  of  the  petrol,  in  the  early 
stages  of  its  movement  as  between  the  carburettor  and  the  inlet 
valve  of  the  engine,  was  more  rapidly  vaporised  than  the  rest, 
or  not.  What  was  wanted  was  a  petrol  fog,  but  it  was  found 
that  the  obtainment  of  that  depended  upon  a  great  many  things. 

The  author  had  made  experiments  upon  the  rate  of  flow, 
more  particularly  through  the  jets  of  two  kinds  of  carburettors. 
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He  (the  speaker)  was  sorry  to  say  that  the  larger  proportion  of 
carburettors  in  use  were  not  these  types,  but  were  such  as  pre- 
sumably the  author  had  used  for  his  experiments  on  the  flow 
under  a  steady  head  of  petrol  with  the  apparatus  shown  on  the 
diagram.  The  rates  of  flow  under  a  head  as  steady  as  the  author 
could  maintain  it  by  gradually  filling  the  petrol  into  the  supply 
tank,  had  an  academic  interest,  but  they  were  of  no  interest  to 
the  man  who  had  to  make  a  carburettor.  The  difference  between 
the  rate  of  flow  through  a  jet  under  a  steady  head  of  petrol  and 
the  rate  of  flow  through  the  same  jet  under  the  pulsating  influ- 
ence of  the  piston  of  a  petrol  engine,  was  so  great  that  what 
happened  in  the  one  case  was  no  indication  of  what  would 
happen  in  the  other.  With  regard  to  what  the  author  had  said 
about  the  "  rule  of  thumb  "  he  (Mr.  Beaumont)  supposed  that 
he  must  be  charitable  enough  to  take  that  merely  as  a  facon  de 
parler.  He  objected,  on  the  part  of  those  who  had  done  all  that 
had  been  done,  up  to  the  present  time,  to  the  use  of  the  phrase 
**  rule  of  thumb  "  in  its  ordinary  acceptation.  He  did  not  sup- 
pose that  any  prettier  mathematical  investigation  had  ever  been 
made  than  that  into  the  question  of  the  rate  of  flow  of  air  and 
petrol  by  several  of  the  well-known  men,  who,  more  particularly 
in  France  and  Belgium,  had  produced  the  carburettors  used  at 
the  present  time. 

The  author  had  given  a  number  of  calculations  and  results 
with  regard  to  air  velocities,  which  would  no  doubt  be  of  service 
to  many  who  might  have  to  deal  with  the  matter,  but  it  must  be 
remembered  that  the  way  in  which  air  flowed  through  a  hole  or 
a  pipe  differed  very  largely  according  to  whether  it  was  air  sent 
into  the  atmosphere  or  into  a  vacuum  or  partial  vacuum,  and 
that  it  varied  materially  in  proportion  as  the  \'acuum  into  which 
it  might  be  passing  increased  or  decreased  in  its  quality  as  a 
vacuum.  That  point  had  to  be  considered  when  carburettors 
were  being  dealt  witli  or  when  anybody  spoke  of  doing  by  calcu- 
lation that  which  is  generally  only  solvable  by  experiment. 
The  rate  of  flow  when  calculated  with  reference  to  the  usual 
expression  \/2fj](,  even  with  the  qualification  given  in  the  paper, 
did  not  enable  one  to  make  a  carburettor  without  having  to  do 
a  good  deal  of  experimenting  to  get  it,  quite  right  for  any 
particular  engine. 

The  figures  given  were  all  of  interest,  but  he  should  like  to 
warn  the  author  that  he  aspired  too  much  if  he  wished  it  to  be 
supposed  that  those  who  had  done  what  had  been  done  in  the 
protluction  of  the  best  carburettors  were  helped  from  a  condition 
of  rule  of  thumb  to  one  of  theoretical  accuracy  in  building  up  a 
carburettor  for  a  given  purpose.  The  author  had  made  some 
remarks  which  were  not  in  the  paper.     One  remark  was  that  for 
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carburettors  certain  experiments  ''agreed  very  fairly,"  and 
other  phrases  were  "in  all  probability,"  and  "they  are  within 
10  per  cent,  of" — this  and  that.  That  was  exactly  what  other 
people  had  found.  They  had  found  that  for  a  carburettor  they 
had  to  use  the  words,  "  in  all  probability,"  and  while  he  repeated 
his  thanks  to  the  author,  he  would  like  to  ask  him  to  go  a  little 
further  than  he  had  gone,  and  to  take  into  consideration  the  very 
many  small  things  which  affected  not  only  the  flow  of  petrol, 
but  the  flow  of  air  intermittently  taken  through  holes,  slots, 
ports,  and  valves  into  the  cylinder  or  cylinders  of  a  petrol 
engine. 

Professor  R.  H.  Smith  said  that  the  experiments  that 
were  most  interesting  to  him  were  those  on  the  decrease  of 
viscosity  and  of  specific  gravity  with  a  rise  of  temperature. 
The  results  shown  in  the  paper  were  not  only  of  scientific 
interest,  but  also  of  practical  importance.  With  regard  to  the 
two  curves,  A  and  B,  the  author  had  not  pointed  out  that  they 
were  quite  similar,  because  although  curve  A  appeared  as  a 
straight  line,  still  throughout  the  temperature  range  of  A,  namely, 
up  to  95°  F.,  curve  B  was  also  practically  a  straight  line.  Curva- 
ture in  A  would  probably  appear  if  the  diagram  were  extended 
to  higher  temperatures.  With  regard  to  the  fundamental  equa- 
tion which  the  author  had  relied  upon  a  good  deal  in  his 
calculations,  namely,  that  the  velocity  of  air  in  an  air  jet  was 
proportional  to  the  square  root  of  the  head,  he  had  taken 
account  of  the  variation  of  viscous  resistance  with  temperature, 
but  not  its  variation  with  the  velocity  itself.  That  variation 
was  very  great,  and  though  the  propelling  force  was  propor- 
tional to  the  gradient  of  pressure,  the  propelling  force  was  not 
the  only  thing  which  influenced  the  result.  Though  the  dis- 
covery of  the  scientific  law  of  the  dependence  of  the  flow  of  air, 
or  air  laden  with  petrol  fog,  for  a  steady  head  was  of  fundamental 
importance,  and  was  the  base  upon  which  other  results  must  be 
built  up,  still  they  did  not  have  a  steady  head  in  petrol  and 
gas  engines  during  admission  of  the  charge.  There  was  a  very 
rapid  pulsation  of  driving  head,  and  the  result  of  that  was  that 
a  great  deal  of  that  head  was  spent  in  acceleration  of  momentum 
which,  he  thought,  was  not  taken  into  account  in  the  author's 
calculations.  The  speed  at  which  fluids  and  oil  vapour  passed 
into  the  cylinder,  and  through  the  passages  on  the  way  to  the 
cylinder,  varied  through  large  ranges  in  very  short  times,  so 
that  the  rate  of  change  of  velocity  was  enormous.  That  meant 
great  accelerations  of  momentum. 

Mr.  J.  Veitch  Wilson  said  that  he  was  rather  interested  in 
the  author's  statement  that  benzol  required  a  very  different 
percentage  of  air  from  petrol,  and  he  was  interested  also  to  find 
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liim  mention  a  thing  which  had  often. occurred  to  himself  in  his 
battles  with  motorists,  that  petrol  was  not  really  volatilised, 
but  was  atomised.  It  had  been  his  misfortune  to  have  had  sent 
to  him  motor  valves,  induction  pipes  and  other  things,  to  prove 
that  the  material  which  he  was  responsible  for  supplying, 
namely,  the  lubricant,  w^as  misbehaving  itself,  and  instead  of 
lubricating,  was  depositing  itself  on  the  valves  with  disastrous 
consequences.  He  had  observed  that  the  deposits  occurred  on 
the  outer  side  of  the  valves  and  on  the  induction  pipes,  and  he 
formed  the  idea,  with  the  assistance  of  his  firm's  chemists,  that 
the  deposits  were  not  really  oil  deposits,  but  were  actually 
atoms  of  unvolatilised  petrol  which  had  impinged  on  the  bend 
of  the  pipe  or  the  outer  side  of  the  valve,  and  by  condensing 
and  slowly  indurating  there,  had  turned  into  pitch. 

All  interested  in  petrol  motors  were  well  aware  that  0*680 
or  0*700  sp.  gr.  spirit  was  by  no  means  necessarily  0'680  or 
0*700  spirit.  It  might  be  a  mixture  of  different  fractions 
adjusted  to  give  what  was  supposed  to  be  the  proper  specific 
gravity.  Many  years  ago,  in  order  to  get  at  that,  a  number  of 
synthetical  mixtures  had  been  made,  which  are  as  follows : — 


Pratt's  motor  spirit  .      .      h.  i  100 

„      ^^asolene 

„       benzoline 
White  rose  petroleum    . 

Sp.  gr.  of  material  tested     .   !  0  •  680 

°F. 

First  drop 97 

')  per  cent ■  119 

'^0         „            132 

50        „            156 

90         .,            220 

95         „            282 


100 

•• 

35 

100 

100 

65 

0-640 

0-700 

0-786 

0-680 

■°F. 

°F. 

°F. 

°F. 

74 

117 

288 

80 

88 

152 

325 

111 

97 

167 

355 

132 

112 

189 

412 

165 

165 

248 

532 

240 

207 

282 

576 

295 

27 

0-680 

°F. 

76 

90 

104 

136 

459 

599 


He  presented  a  table  (p.  222)  which  showed  how  very  much 
petrol  might  be  broken  up  in  use.  Perhaps  he  might  quote  some 
of  those  figures.  They  were  curious.  With  Pratt's  motor  spirit 
they  found  the  first  drop  at  99"^  F.  and  got  99  per  cent,  distillate 
at  275°  F.  They  obtained  also  a  small  quantity  of  partly  used 
spirit  which  gave  the  first  drop  at  147°  F.  and  99  per  cent,  at 
390°  F.,  a  very  much  higher  point,  showing  that  the  used  spirit 
had  not  been  evaporated  uniformly.  Spirit  wdiich  had  been 
some  time  in  stock  gave  first  drop  at  109°  F.  and  did  not  give 
99  per  cent,  until  380°  F.,  showing  the  effect  of  age  upon  spirit, 
which,  he  thought,  would  no  doubt  tell  against  it  in  use. 

He  had  made  a  number  of  tests  with  heavy  oils.  Those  tests 
would  be  of  interest  to  those  who  were  connected  with  motoring, 
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Distillate. 

Specific 

Gravity. 

First 

5  Per 

20  Per 

50  Per 

90  Per 

99  Per 

Drop. 

Cent. 

Cent. 

Cent. 

Cent. 

Cent. 

At°F. 

At°F. 

At°F. 

At°F. 

At°F. 

At  OF. 

Pratt's  motor  car  spirit 

0-648 

99 

116 

133 

156 

206 

275 

Ditto,  ditto  (partly  used)  . 

0-710 

147 

163 

177 

196 

268 

390 

Ditto,  gasoline   .... 

0-647 

80 

95 

106 

120 

158 

203 

Anglo    Am.     Co.'s     0-7001 
petroleum  spirit  .      .      .  / 

0-710 

109 

124 

150 

192 

290 

380 

Ditto,  ditto  (old  sample)    . 

0-691 

106 

135 

162 

196 

305 

if  he  could  get  them  to  realise  the  enormous  effect  of  increasing 
temperature  in  reducing  the  viscosity  of  an  oil.  It  was  no  use 
saying  that  a  heavy  oil  took  2400  seconds  to  vaporise  at  70° 
and  came  down  to  74  seconds  at  350°  F.,  but  he  had  had  the 
figures  reduced  to  a  simple  percentage  basis. 


Oils 

Specific 
Gravity 
at  60°  F. 

Viscosity  at 
10°  F. 

Viscosity  at 
212°  F. 

Viscosity  at 
350°  F. 

Actual. 

Per 

Cent. 

Actual. 

Per 
Cent. 

Actual. 

■Per 
Cent. 

Sperm 

Gas  engine 

Heavy  gas  engine. 
Motor  oil  (water-cooled)  . 

„        (medium)     . 

„        (air-cooled)  . 

0-878 
0-907 
0-905 
0-891 
0-894 
0-893 

323 
845 
2430 
5003 
6655 
9200 

100 
100 
100 
100 
100 
100 

88 
89 
110 
178 
181 
220 

27-2 
10-5 
4-5 
3-6 
2-7 
2-4 

68 
68 
74 
88 
94 
96 

21-1 
8-1 
3-0 
1-8 
1-4 
1-0 

In  this  Table  the  viscosity  of  each  oil  at  70°  F.  is  taken  as  unity. 


Sperm-oil,  which  was  an  oil  of  low  viscosity,  retained  at 
350°  F.  21  per  cent,  of  its  original  viscosity,  which  was  a  very  high 
percentage.  A  gas-engine  oil  gave  8  per  cent,  and  a  heavy  gas- 
engine  oil  3  per  cent,  at  the  same  temperature,  whereas  ordinary 
motor  oils  came  down  to  1*8,  1*4,  and  1  *  0. 

To  permit  of  the  comparison  of  one  oil  with  another  the 
viscosity  of  the  same  oils  are  reproduced  in  the  Table  (p.  223) 
on  the  basis  of  sperm  oil  at  70°  F.  as  unity. 

It  followed  from  that,  that  a  person  who  wanted  to  obtain  a 
good  body  at  a  high  temperature  must  make  his  lubricating 
arrangements  in  such  a  way  as  to  permit  of  the  use  of  a  very 
thick  oil  at  normal  temperatures.  As  regards  viscosity,  he  did 
not  know  what  viscometer  Mr.  Brewer  had  used,  but  very  much 
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would  depend  upon  the  apparatus.  The  instruments  with  which 
he  (the  speaker)  had  been  acquainted,  which  were  for  heavy  oils, 
would  not  lend  themselves  to  dealing-  with  such  light  liquids  as 
spirit.  There  were  three  or  four,  including  Poiseuilli's  (referred 
to  by  Osborne  Eeynolds),  Arclibutt's  and  others,  which  might 
be  adapted  for  the  measurement  of  what  was  called  absolute 
viscosity. 


Relative  Viscosity  of  various  Oils.     Sperm  at  70° 

=  100. 

Oils. 

Viscosity  at  70°  F. 

Viscosity  at  212°  F. 

Viscosity 

at  350°  F. 

Actual. 

Sperm  at 
70°=  100. 

Actual. 

Sperm  at 
70-^  =  100. 

Actual. 

Sperm  at 
70^  =  100. 

Sperm 

Cas  engine     ... 
Heavy  gas  engine     . 
Motor  oil  (water-cooled) 

„        (raeiiium)  . 

.,         (air-cooled) 

323 

845 
24:jo 
50o;i 

6655 
9-20() 

100-0 

2«;i-6 

752 -H 
1548-9 
2060-4 
2S4S • H 

88 
89 
110 
178 
181 
220 

27-2 
27-6 
34- 1 
55-1 
56-0 
68-1 

68 
68 
74 
88 
94 
96 

21-1 
21-1 
22-9 
27-2 
29-1 
29-7 

In  this  Taljle  all  viscosities  are  given  in  relation  to  that  of  Sperm  Oil  at  70°  F.  which  is  taken 
as  unity. 


Mr.  Douglas  Leechman  asked  the  author  whetlier  he  had 
made  any  experiments  with  nozzles  having  other  than  a  smooth 
bore.  One  or  two  carburettors  had  been  constructed  with  either 
screw  tbreads,  or  with  notches  formed  in  the  interior,  with  the 
object  of  setting  up  eddies,  which  would  become  more  powerful 
as  the  rate  of  flow  througli  the  nozzle  tended  to  incrense,  and  in 
that  way  to  obtain  either  a  constant  flow  through  the  nozzle,  or 
a  rate  of  flow  that  would  increase  approximately  with  the  rate 
of  the  inflow  of  the  air.  He  believed  that  carburettor  designers 
had  found  that  a  good  deal  of  trouble  arose  from  the  fact  that 
at  the  higher  speeds,  or  when  the  suction  was  stronger,  they  got 
more  petrol  in  proportion  to  the  air  that  was  taken  in.  The 
object  of  tapping  or  otherwise  serrating  the  interior  of  the  nozzle 
was  to  prevent  that,  and  to  keep  the  flow  of  petrol  in  proper 
proportion  to  tlie  flow  of  air. 

He  hoped  tliat  the  author  would  not  feel  too  much  discon- 
cert(Hl  by  Mr.  Worby  Iieaumont's  remarks.  He  was  sure  that 
Mr.  Beaumont's  endeavcjurs  were  exactly  on  the  same  lines  as 
those  of  the  author,  namely,  to  advance  knowledge  on  the  sub- 
ject. They  must  all  feel  that  Mr.  Brewer  had  at  any  rate  done 
very  useful  work,  and  he  did  not  suppose  that  Mr.  Brewer  would 
tell  them  that  there  was  nothing  else  to  be  done. 
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Mr.  J.  Lyons  Sampson  said  that  in  the  first  paragraph  of 
the  paper  the  author  spoke  of  the  conditioD  of  the  petrol  in  its 
passage  from  the  jet  to  the  cylinder,  as  to  whether  it  went  in 
the  form  of  spray.  He  (the  speaker)  thought  that  there  could 
be  no  doubt  that  a  great  deal  of  the  petrol  which  went  into  the 


Arrangement  of  Tank  and  Jet  Tube,  Keperred  to  in  Table  VI. 


cylinder  in  the  form  of  liquid  was  not  burnt.  The  experiment 
had  been  made  of  connecting  the  exhaust  of  a  petrol  cylinder  to 
a  water-jacketed  coil,  and  the  result  was  that  all  the  heavier 
parts  of  the  petrol  were  condensed  and  collected.  It  had  been 
found  that  very  soon  after  an  engine  was  started  the  heavier 
parts  of  the  petrol  would  be  found  in  the  lubricating  oil  in  the 
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crank  chamber.     He  thought  that  it  was  quite  understandable 
that  combustion  would  not  take  place  in  close  proximity  to  a 
metallic  surface,  and  petrol  that  entered  the  cylinder  in  the 
form   of  spray  and  touched  the  cylinder  walls,  though  it  was 
eventually  evaporated,  was  not  evaporated  in  time  to  be  burnt. 
He  believed  that  the  experiment  had  been  made  of  considerably 
increasing  the  amount  of  petrol  passed  into  the  cylinder,  beyond 
the  quantity  that  could  be  theoretically  burnt  in  the  air  present, 
before  smoke  began  to  show  at  the  exhaust ;  this  would  show 
that  all  the  petrol  passing  through  was  not  really  ignited.     A. 
carburettor  had  really  two  functions.     One  was 
the  measuring  of  the  petrol,  and  the  other  was 
the  mixing  of  it  with  the  air.     He  thought  that 
one  result  of  the  author's  figures  was  to  show 
what  a  very  imperfect  measuring  apparatus  the 
jet  was.     It  varied  considerably  with  the  tem- 
perature.    That  would  account  for  the  fact  that 
most  carburettors  could  be  adjusted  to  give  a 
good  result  at  a  particular  speed,  and  for  the 
fact  that  it  was  very  difficult  indeed  to  get  a 
carburettor  that  would  give  a  good  result  at 
all  speeds,  and  under  all  conditions.     In  most 
cases  sufficient  heat  was  not  supplied  through 
the  carburettor.     There  was  an    objection   on 
the  part  of  many  drivers  and  on  the  part  of 
some  makers  to  supplying  sufficient  heat,  and 
when  they  found  a   carburettor  covered  with 
snow,  it  was  clear  evidence,  he  thought,  that 
the  mixture  had  not  been  heated  enougli,  and 
that  the  petrol  was  not  passing  into  the  cylinder 
in  the  form  of  gas  or  vapour  as  it  should.     He 
once  had  tlie  curiosity  to  take   out  wliat  the 
quantity  of  petrol  passing  through  a  jet  would 
look  like  in  the  open.     The  quantity  that  was 
passing  through  represented  a  jet  3  feet  6  inches 
high.     It  could  be  easily  understood  that  part 
of  that  jet  would  reach  the  cylinder  in  the  form 
of  spray.     Put  in  another  way,  the  petrol  in  a 
1  mm.  diameter  jet  would  have  the  same  speed 
in  feet  per  second  as  the  piston  of  the  100  mm. 
cylinder  it  supplied.     The  eddy  currents  in  the  air  rushing  into 
tlie  cylinders  had  been  alluded  to.     No  doubt  the  form  of  the 
inlet  [)ipe  had  a  great  deal  to  do  with  the  matter.     Some  pipes 
had  been  tried  which  were  made  in  the  form  of  a  ring,  so  that 
the  velocity  given  to  the  air  after  it  passed  the  carburettor  was 
not  lost,  but  circulated  round  the  ring  when   the   supply  to  a 


Type  of  Jet 

Tube  in 

Claud  EL-HoBSON 

Carburettor, 

Referred  to  in 

Table  VI. 
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particular  cylinder  was  stopped.  He  considered  that  much 
might  be  gained  by  developing  the  induction  pipe  on  these 
lines. 

Mr.  A.  S.  E.  Ackermann  asked  why  the  experimental  jet 
was  vertical.  It  seemed  to  him  that  the  falling  petrol  would 
interfere  with  that  which  was  coming  out  of  the  nozzle,  and  that 
it  would  have  been  better  for  the  jet  to  have  been  horizontal. 
With  regard  to  the  supply  of  petrol  to  the  jet  from  the  tank, 
it  seemed  to  him  rather  a  dangerous  procedure  to  try  to  keep  the 
petrol  at  a  dead  level  with  the  top  of  the  upturned  pipe.  How 
could  one  be  sure  that  there  was  no  air  coming  down  with  the 
petrol  ?  He  (the  speaker)  thought  that  it  would  have  been 
l3etter  to  have  had  an  overflow  from  the  tank  at  a  definite 
distance  above  the  inlet  of  the  supply  pipe  to  the  jet.  Then  by 
keeping  a  constant  flow  through  the  overflow  one  could  have 
been  sure  that  no  air  was  passing  to  the  jet,  and  that  the  head 
was  constant.  He  suggested  that  Mr.  Brewer  should  prepare 
scale  drawings  of  the  apparatus  used  for  the  experiments,  which 
drawings  could  be  reproduced  in  the  '  Transactions,'  so  that  the 
exact  conditions  under  which  the  experiments  were  made  might 
he  known.  Such  information  would  add  materially  to  the  value 
of  the  figures  given.  With  regard  to  Table  VI.  which  dealt  with 
the  flow  of  petrol  through  different  sized  orifices  and  under 
different  heads,  he  (the  speaker)  had  had  the  coefficient  of  dis- 
charge calculated  in  a  number  of  cases  from  Mr.  Brewer's  ex- 
periments.     All    present   were   no   doubt    familiar   with   the 

hydraulic  formula —  

Q  =  c  ft)  x/2  g  h 
where 

Q  was  the  discharge  in  cubic  centimetres  per  second 
c  was  the  coefficient  of  discharge 

ft)  was  the  area  of  the  orifice  in  square  centimetres 

[/  was  the  acceleration  due  to  gravity  in  centimetres  per 
sec.  per  sec. 

h  was  the  head  in  centimetres  over  the  centre  of  the  orifice. 

Mr.  Brewer  had  given  all  these  quantities  except  c,  hence  it 
had  been  easy  to  calculate  c  for  petrol  flowing  from  a  cylindrical 
orifice  (such  as  had  been  used)  of  which  the  ratio  of  the  length 
of  the  orifice  to  its  diameter  was  5  or  more.  The  values  of  c  for 
different  diameters  of  orifice  and  different  heads  were  as  follows 
(see  Table  p.  227.) 

These,  he  thought,  were  remarkably  consistent,  the  maximum 
variation  of  the  coefficient  being  from  0 '  738  to  0  •  770,  i.e.  about 
4  per  cent.  The  mean  coefficient  was  roughly  0  •  75  which  agreed 
well  with  0*77  given  by  Professor  Unwin  on  page  88  of  his 
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'  Treatise  on  Hydraulics  '  for  orifices  which  varied  from  0  *  032 
to  0'131  feet  in  diameter. 


Diameter  of 
Orifice  in  mm 

Head  of  Petrol 
in  mm. 

CoefiRcient  of 
•  Discharge  =  c. 

0-95 

{ 

30 
150 

0-744 
0-752 

1-00 

30 
150 

0-738 
0-750 

1-05 

30 
150 

0-747 
0-754 

1-10 

30 
150 

0-752 
0-754 

1-15 

30 
150 

0-768 
0-770 

1-20 

30 
150 

0-749 
0-757 

1-25 

30 
150 

0-753 
0-755 

1-30 

30 
150 

0-753 
0-757 

1-35 

30 
150 

0-754 
0-754 

1-40 

30 

150 

0-7C5 
0-767 

Mr.  C.  H.  Wingfield  said  that  the  author  gave  a  formula 
for  velocity  in  whicli  he  made  it  vary  as  the  square  root  of  the 
specific  gravities  of  the  liquids  under  comparison.  The  usual 
theoretical  formula,  v  =  ^~2  g  h,  expressed  the  velocity  of  a 
falling  body  in  vacuo,  and  it  was  a  well-known  fact  that  whether 
a  body  was  heavy  or  light  it  fell  at  exactly  the  same  speed. 
The  author  apparently  suggested,  however,  that  the  heavier  fluid, 
although  subjected  to  exactly  the  same  head,  would  come  out  at 
a  higher  velocity ;  so  that,  for  instance,  in  the  case  of  a  tank  of 
mercury  and  a  tank  of  water,  both  full  and  both  having  a  jet 
pointing  upwards  at  the  same  level  below  the  surface  of  the 
the  liquid  in  the  respective  tanks,  the  jet  of  water  would  rise 
almost  to  its  original  level,  but,  as  the  heavier  fluid  would, 
according  to  the  author's  formula,  come  out  at  a  higher  velocity, 
proportionate  to  the  square  root  of  the  dcDsity,  the  mercury  would 
evidently  rise  higher  than  its  original  level.  There  might 
perhaps  be  an  error  in  the  formula  as  printed,  or  in  the  speaker's 
reading  of  it ;  he  should  like,  however,  to  ask  why  the  formula 
was  modified  by  putting  D  over  d.     No  doubt  the  author  had 
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some  idea  of  allowing  for  viscosity,  and  perhaps  he  had  not 
noticed  tliat  it  had  the  effect  just  mentioned.  Only  in  the  case 
of  comparatively  small  tubes  was  the  flow  of  a  fluid  resisted  by 
viscosity  alone.  With  a  very  thin  fluid  such  a  resistance  to 
flow  occurred  in  a  capillary  tube.  With  a  thicker  fluid,  the 
tube  might  be  larger.  When  the  resistance  was  entirely  due  to 
viscosity,  the  flow  was  not  in  proportion  to  the  square  root  of 
the  head  but  varied  simply  as  the  head.  When  there  was  no 
viscosity  (an  opposite  extreme  which  did  not  exist  in  nature), 
it  would  flow  simply  as  the  square  root  of  the  head,  and  the  real 
velocity -ratio  was  somewhere  between  the  two.  Professor  Unwin 
had  pointed  out  that  where  the  particles  of  the  fluid  did  not 
move  relatively  to  each  other  to  any  great  degree,  viscosity  was 
quite  unimportant.  That  was  the  case  with  ordinary  hydraulic 
matters.  He  (the  speaker)  did  not  know  whether  the  orifices 
with  which  the  author  had  been  dealing  were  sufficiently  small 
to  cause  viscous  flow.  If  they  were,  then  the  formula,  taking  it 
as  the  square  root  of  the  head,  could  not  be  right.  If  they  were 
not,  then  he  ought  not  to  lay  quite  so  much  stress  on  viscosity. 
The  fact  that  heating  the  fluid  had  materially  increased  the  flow 
certainly  showed  that  it  had  a  good  deal  to  do  with  it.  He 
should  be  disposed  to  think  that  the  formula  was  not  the  correct 
one  to  use,  but  that  what  was  wanted  was  something  between 
the  two ;  in  any  case  he  did  not  know  of  any  justification  for 

inserting  ^  in  the  particular  formula  referred  to.     Possibly  the 

d 
author  could  give  experimental  results  which  had  led  to  it. 

If  he  was  right  in  thinking  that  the  author  compared  column 
2  with  column  11  in  Table  V.,  the  difl'erences  were  larger  than 
he  thought  the  author  had  realised.  He  had  just  run  them  out 
roughly.  The  first  number  in  column  11,  0*65,  was  30  per 
cent,  larger  than  0  *  5,  the  first  number  in  column  2.  The  other 
figures  were  all  in  increasing  ratios,  the  last  one  being  156  per 
cent,  larger  than  3  in  column  2.  He  did  not  think,  therefore, 
that  the  approximation  could  be  described  as  a  close  one. 

Table  IX.,  column  7,  gave  the  experimental  results  to  which 
the  author's  calculations  were  intended  to  approximate.  He 
found  that  the  first  number  in  column  8  was  58  per  cent,  more, 
and  the  first  figure  of  column  9  was  45  per  cent,  less,  than  in 
column  7,  and  the  other  figures  went  on  in  that  way,  the  lowest 
excess  being  26  per  cent,  more  than  in  column  7  and  none  were 
less  than  18  per  cent,  below  the  experimental  result.  That 
showed  that  a  great  deal  of  experimental  work  was  still  needed 
before  tliey  could  claim  that  they  were  able  to  determine  before- 
hand the  apertures  required  from  data  which  were  obtained  by 
such  experiments ;  but  every  additional  experiment  might  be 
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regarded  as  another  stepping-stone  towards  such  a  desideratum, 
and  the  author  had  helped  matters  on  by  making  the  results  of 
his  experiments  public. 

Mr.  E.  Scott-Snell  called  the  attention  of  the  author  to 
what  he  thought  must  be  a  slip  in  the  first  part  of  the  paper 
with  regard  to  the  formula  for  finding  the  vapour  pressure  of  the 

petrol  in  a  mixture  of  air  and  vapour,  viz.  i?  =  ^^  ^.    5  in 

this  case  should  be  the  absolute  density,  i.e.  weight  in  grm.  of 
1  litre  of  vapour  measured  at  0°  C.  and  760  mm.  pressure.  This 
formula  had  been  attributed  to  M.  Sorel,  but  could  be  directly 
deduced  from  first  principles  as  follows : — 

Consider  a  space  of  Y  litres  capacity. 

Let  D  be  the  weight  in  grm.  of  1  litre  of  gas  (in  this  case  air) 
measured  at  0°  C.  and  760  mm. 

Let  d  be  the  weight  in  grm.  of  1  litre  of  vapour  measured  at 
0°  C.  and  760  mm. 

Let  H  be  the  pressure  of  the  gas  (in  this  case  the  pressure  of 
the  atmosphere)  in  mm.  of  mercury. 

Let  p  be  pressure  in  mm.  of  mercury  of  the  vapour  at  the 
temperature  f  C.  of  the  mixture,  and  a  the  coefficient  of  expan- 
sion of  gas  and  vapour. 

Then  the  weight  of  V  litres  of  air  =  y^ — .  ^    ,.  ^j!l  ffrm.,  and 
®  {1  ■\-  at)  760  ^ 

Y  p  d 

the  weight  of  V  litres  of  vapour  =  yz. — ; — ,^  ^  ,^  grm. 
°  ^  (1  -\-  a  t)  7bO  * 

Dividing  the  second  expression  by  the  first,  we  get 

1  grm.  (  =TT  litres)  absorbs  ..    ^ V^^™*  ^^  vapour. 

7)  d 
Hence  1  litre  absorbs  .pj^ grm.  of  vapour, 

Y  p  d 
or  V  cubic  metres  absorb  ^  ^      kilogs.  of  vapour. 

From  which  we  have,  if  1  kilog.  of  vapour  is  absorbed  in  V 
cubic  metres  of  air, 

H 

^       1  -f-  V^ 

where  d  is  the  same  as  B  in  the  equation  given  by  Mr.  Brewer. 

He  would  like  to  ask  the  author  if  he  could  tell  him  where 
any  information  as   to  the  vapour  pressure  curves  of  various 
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petrols  could  be  found,  if  any  such  details  were  published.  He 
had  done  a  considerable  amount  of  reading  but  had  failed  to  find 
any  figures  of  practical  value.  He  would  also  like  to  ask  the 
author  whence  he  obtained  the  figure  for  the  latent  heat  of  evapo- 
ration of  petrol  as  1  *  41  of  the  total  heat  of  combustion,  and  if 
any  details  of  experiments  on  this  point  were  published.  If  not, 
could  he  specify  the  particular  petrol  to  which  this  figure  referred. 

Mr.  E.  G.  Beaumont  said  that  the  author  suggested  that 
it  was  inconceivable  that  the  whole  of  the  fuel  could  be  evapor- 
ated completely  during  -^q  of  a  second,  and  the  suggestion  was 
that  ^Q  of  a  second  was  the  probable  period  during  which  car- 
buration  might  be  commenced  and  completed.  He  (the  speaker) 
had  roughly  taken  the  probable  period  occurring  in  the  average 
engines  now  used  and  from  the  time  the  air  passed  the  carbu- 
rettor jet  to  the  time  the  compression  was  complete,  which  he 
thought  might  be  regarded  as  the  period  of  carburation,  would 
be  about  3  J  times  ^  of  a  second.  The  time  was  still  short,  but 
it  was  considerably  longer  than  the  time  during  which  combus- 
tion occurred,  and  (as  shown  by  results  of  running)  was  com- 
pleted. A  little  further  on  the  author  called  attention  to  the 
heating  of  the  fuel  before  it  issued  from  the  carburettor  jet. 
He  (the  speaker)  would  like  to  know  whether  any  advantage 
resulted  from  heating  the  fuel,  because  as  the  specific  heat  of 
the  fuel  was  low,  the  assistance  towards  the  equalisation  men- 
tioned, or  the  correction  of  the  reduction  of  temperature,  would 
be  very  small. 

With  regard  to  the  experiments  as  to  flow,  he  was  quite 
aware  that  the  author  had  tackled  a  very  difficult  problem,  and 
one  which  all  who  had  had  to  do  with  jet  carburettors  realised 
was  extremely  difficult.  He  found  that  the  sizes  of  jets  given 
were  large,  inasmuch  as  sizes  varying  from  0  •  6  to  0 '  8  of  a 
millimetre  were  as  commonly  used  as  those  of  larger  sizes.  He 
had  not  closely  inspected  the  jet  of  the  Claudel-Hobson  carbu- 
rettor, and  he  did  not  quite  know  whether  the  experiments 
included  others,  or  whether  the  jets  were  all  the  perfectly  plain 
single-opening  form  used  on  90  per  cent,  of  the  engines  at  the 
present  day.  Both  the  jets  referred  to  in  the  paper  were  of 
what  might  be  called  special  form. 

Mr.  R.  W.  A.  Brewer  said  that  the  jet  was  a  plain  single- 
hole  jet. 

Mr.  E.  G.  Beaumont  asked  whether  the  jets  referred  to  in 
connection  with  the  Claudel-Hobson  carburettor  were  those 
with  the  plain  single  hole. 

Mr.  Brewer  stated  that  they  were.  All  the  tests  were 
through  a  plain  single  parallel  hole,  an  ordinary  type  of  jet. 
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Mr.  E.  G.  Beaumont  said  that  he  would  like  to  ask  whether 
any  experiments  had  been  made  with  jets  of  a  smaller  size,  and 
if  any  data  had  been  collected  to  show  whether,  with  the  small 
jets  which  were  commonly  used,  the  square  root  of  the  head 
formula  which  had  been  applied  seemed  to  apply  equally  well 
as  it  did  with  larger  jets. 

As  to  the  flow  becoming  so  erratic  through  the  small  jets  or 
small  orifices  it  suggested  that  the  viscosity  effect  might  become 
more  rapidly  appreciable  or  more  important  with  the  reduction 
of  the  size  of  the  jet.  He  thought  it  was  reasonable  to  suppose 
with  the  formula  on  the  blackboard,  which  was  applicable  to  the 
flow  of  water  through  pipes  of  one  inch  diameter  upwards,  that 
viscosity  and  the  influence  of  variation  in  the  character  of  fuel 
and  so  forth  would  become  apparent.  While  recognising  the 
difficulty  of  measuring  the  area  of  the  openings  in  the  Longue- 
mare  carburettor  type  of  jet  he  would  be  interested  to  know 
whether  any  figures  had  been  collected  to  show  what  the  petrol 
consumption  was  under  the  rates  of  air  flow  and  degrees  of  suc- 
tion pressure  shown  in  the  table  applying  to  the  Longuemare 
carburettor,  so  that  some  comparison  could  be  made  between  those 
figures  and  similar  figures  applying  to  the  Claudel-Hobson  car- 
burettor. For  instance,  in  Table  VIII.,  column  12,  at  1250 
revolutions  of  the  engine  there  was  an  air  velocity  of  251  feet 
per  second,  and  in  Table  X.,  column  10,  the  air  velocity  at  the 
same  engine  speed  was  shown  to  be  176  feet  per  second.  As 
the  consumption  result  appeared  to  be  made  on  the  Claudel- 
Hobson  carburettor  with  very  high  air  velocity,  it  would  be 
interesting  to  know  what  the  corresponding  consumption  was 
with  the  Longuemare  type. 

Eeferring  to  the  road  tests,  he  noticed  that  the  tests  were 
made  over  periods  averaging  about  10  to  12  minutes,  and  over 
distances  of  about  2  J  miles.  From  his  own  experience  in  making 
large  numbers  of  tests  for  various  purposes  he  had  found  great 
difficulty  in  obtaining  results  which  could  be  depended  upon 
over  such  short  distances.  He  should  therefore  like  to  ask  if  the 
author  had  taken  special  precautions  to  avoid  error  in  those 
short  trials. 

At  the  end  of  the  paper  there  were  certain  figures  of  con- 
sumption of  benzol.  There  were  no  definite  statements  as  to 
what  the  atmospheric  temperature  was  at  the  time  or  as  to 
whether  the  engine  was  started  from  cold.  He  believed  that  in 
one  case  the  engine  was  started  from  cold.  He  asked  that, 
because  he  had  knowledge  of  the  running  of  an  engine  with 
benzol  where  great  success  had  attended  tlie  use  of  benzol  as 
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long  as  the  atmospheric  temperature  was  not  less  than  50°  F., 
he  believed ;  he  was  speaking  from  memory  now.  When  the 
temperature  fell  below  that,  there  was  an  increasing  difficulty  in 
starting,  until  finally  the  use  of  benzol  was  given  up  and  petrol 
was  used.  The  engine  was  a  4-cylinder  15-20  H.P.  Panhard 
and  Levassor,  with  the  usual  carburettor. 

Mr.  J.  Johnston  said  that  Tables  I.  and  II.  would  quite 
upset  the  claims  of  some  manufacturers  of  so-called  automatic 
carburettors.  In  Table  I.  there  was  a  range  of  temperatures, 
but  the  figures  given  were  not  of  much  practical  value,  for  the 
simple  reason  that  no  one  thought  of  heating  the  petrol  before 
it  was  used  in  the  carburettor.  He  had  done  so  with  a  paraffin 
engine,  but  he  had  found  that  the  benefit  obtained  was  not 
worth  the  trouble  involved  in  keeping  the  temperature  constant. 
Taking  an  average  range  of  temperature  of  30°  as  being  the 
ordinary  working  winter  and  summer  conditions,  he  found  that 
the  change  in  specific  gravity  was  about  2  per  cent.,  but  the 
change  in  the  flow  was  about  20  per  cent.  There  was  no  (so 
called)  automatic  carburettor  in  existence,  which,  if  set  for  one 
condition,  would  work  automatically  for  another. 

He  was  rather  disappointed  to  find  that  there  was  nothing 
in  the  paper  with  regard  to  the  inertia  and  momentum  effects 
on  the  jet,  because  he  was  convinced  that  the  control  of  those 
was  of  far  more  value  in  practical  carburettors  than  the  simple 
flow  through  the  nozzle.  He  was  quite  convinced  that  there 
was  not  an  internal  combustion  engine  with  a  multiple  cylinder 
that  would  give  off  practically  the  same  power  in  all  the 
cylinders  by  reason  of  these  effects.  He  had  tested  a  good 
many  2-cylinder  engines  with  opposite  cranks.  There  was  not 
a  single  one  which  gave  the  same  power  in  both  cylinders. 
The  first  cylinder  to  fire  was  the  weaker ;  the  second  was  the 
stronger,  for  the  simple  reason  that  the  first  cylinder  started 
the  momentum  in  the  pipe,  and  the  second  one  got  the  benefit 
of  it.  The  same  thing  applied  more  or  less  to  4-cylinder 
engines.  In  some  engines  the  best  carburettors  in  existence, 
taking  them  all  round,  would  not  work  all  the  cylinders  equally, 
because  of  the  design  of  the  induction  pipes,  bad  working  often 
having  nothing  whatever  to  do  with  the  carburettor.  The 
momentum  effects  in  the  pipes  crowded  the  greater  part  of  the 
mixture  into  one  or  more  of  the  cylinders,  while  the  others 
were  starved.  Thus  they  found  many  cylinders  corroded  or 
carbonised,  while  others  were  perfectly  clean.  The  same  thing 
applied  to  sparking  plugs.  Some  cylinders  were  continually 
getting  into  trouble,  and  others  would  work  and  keep  perfectly 


THROUGH   CARBURETTOR   NOZZLES.  *233 

clean.  That  had  nothing  to  do  with  the  carburettor  or  the  flow 
of  fuel ;  but  it  depended  on  the  care  that  was  taken  of  the  gases 
after  they  were  formed.  There  was  a  remark  somewhere  in  the 
paper  about  the  jet  designed  to  give  a  mixing  effect.  He  was 
convinced  that  there  was  not  a  jet  in  any  carburettor  that  gave 
a  sufficientlv  crood  mixincj  effect.  He  had  a  carburettor  on  a 
small  single-cylinder  engine  that  had  been  running  in  London, 
day  after  day,  using  ordinary  paraffin.  A  carburettor  that 
would  use  paraffin  would  not  give  any  trouble  if  it  were  using 
benzol,  or  petrol,  or  any  other  spirit.  In  connection  with  this 
carburettor  he  liad  carried  out  a  large  number  of  tests  to  get  a 
good  mixing  device.  On  one  occasion  he  used  some  corruga- 
tions in  the  carburettor  and  he  found  that  they  helped  him. 
In  the  next  one  that  he  built  he  put  more  corrugations,  with 
the  idea  that  tliere  could  not  be  too  much  of  a  good  thing,  but 
he  found,  unfortunately,  that  the  result  was  not  what  he  had 
anticipated.  Instead  of  getting  better  mixing,  he  found  that 
he  had  formed  a  separator,  and  therefore  got  a  worse  result. 
Still  he  kept  hammering  away  until  he  found  what  did  give  a 
good  effect.  It  was  a  very  easy  matter  to  put  in  a  number  of 
flanges  or  baffles  which  would  give  mixing  effects,  but  most  of 
them  also  gave  resistance,  and  resisted  the  passage  of  the 
mixture  to  the  engines.  He  found  in  mixing'  that  the  best 
thing  was  to  get  cross  currents,  if  possible,  so  that  one  current, 
striking  across  another,  mixed  up  the  vapour  without  coming 
into  contact  with  the  metallic  surfaces.  This  ought  to  be  done, 
if  possible,  in  a  hot  chamber. 

Mr.  Worby  Beaumont  said  that  the  inertia  effects  which 
^Ir.  Johnston  had  found  important  in  his  practical  experiment 
were  those  which  were  referred  to  by  Professor  Smith,  when  he 
spoke  of  the  fact  that  the  acceleration  of  the  liquid  had  been 
left  out  of  consideration  in  many  of  the  papers  and  discussions. 

Mr.  E.  J.  H.  Norman  wrote,  saying  that  much  praise  was 
due  to  Mr.  Brewer  for  the  valuiible  data  that  he  had  obtained 
from  his  experiments,  which  in  themselves  no  doubt  would  be 
useful,  but  not  so  useful  as  actual  results  taken  from  the  con- 
dition of  the  vapour  at  the  time  of  entering  the  cylinder  on  the 
suction  stroke.  Xo  doubt  there  w^as  a  great  percentage  of  fuel 
lost  between  the  carburettor  and  the  cylinder  itself.  Taking 
into  consideration  the  suction  stroke  of  the  engine,  this  might 
be  used  to  show  the  velocity  of  the  fuel,  and  it  was  found  that 
at  a  little  distance  before  the  end  of  the  suction  stroke  this 
velocity  must  drop,  and  that  it  was  beyond  this  point  that  we 
get  unvaporised  fuel  coming  into  the  cylinder,  as  it  was  under- 
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stood  that  the  greater  the  velocity  of  the  fuel  the  quicker  the 
vaporisation  took  place.     The  highest  point  of  velocity  on  this 
curve  being  ascertained,  this  was  the  point  at  which  the  supply 
of  fuel  should  be  instantaneously  cut  off,  and  this  should  take 
place  as  near  to  the  walls  of  the  cylinder  as  was  possible  by  a 
meclianically  controlled  valve,   as  it  was  suggested    by  most 
engineers  that  dirty  valves  and  plugs  were  due  to  partially 
vaporised  petrol.      This   was    the   portion    of  the  fuel   which 
entered  the  cylinder  after  the  highest  point  of  velocity  had  been 
reached,   and  tlirough  not  entering   at   the  same  rate  as   the 
remainder  of  the  fuel,  it  fell  in  a  half- vaporised  state  on  to  the 
piston  or  the  walls  of  the  cylinder.     Some  would  argue  that,  by 
cutting  off  the   supply  of  fuel  earlier,  power  was  lost,  but  it 
seemed  possible  that  the  fuel  which  remained  in  the  cylinder  in 
an  unvaporised  state  during  the  compression  stroke  did  not  add 
to  the  power  at  the  time  of  explosion.     Most  likely  the  ex- 
plosion helped  to  partially  vaporise  it,  and  it  afterwards  found  its 
way  through  the  exhaust  valve  with  the  exhaust  gases,  and  had 
no  doubt  a  great  deal  to  do  with  the  cause  of  dirty  cylinders.     It 
would  be  interesting  to  have  experiments  carried  out  showing 
the  condition  of  the  vapour  during  the  full  length  of  the  stroke. 
Mr.  R.  W.  A.  Brewer,  in  replying  to  the  discussion,  said  he 
wished  to  point  out  a  misconception  upon  the  part  of  Mr.  Worby 
Beaumont,  and  draw  his  attention  to  the  top  of  page  213,  the 
last  three  words  of  the  first  sentence,  "  the  average  motorist,"  as 
he   wished   it   to    be    clearly   understood   that   the  paper  was 
specially  written  for  the  purpose  of  pointing  out  to  the  ordinary 
user  of  a  car  how  it  was  possible  to  obtain  something  reasonably 
definite  with  regard  to  what  takes  place  under  various  conditions 
of  air   velocity    past  the  jet.     He  pointed  out  that  the  large 
amount    of    research    work    which    had    been    carried  out    by 
designers  of  different  carburettors  was  in  no  way  to   be    con- 
founded with    the  results  which  are    published  in  this    paper, 
and  it  is  only  natural  that  those  who  had  experimented  for  their 
own  ends,  and  in  order  to  enable  them  to  design  certain  types  of 
carburettors,  should  keep  their  results  private,  so  that  they  and 
they  only  should  benefit  by  their  particular    work.      As  the 
author  had  not  been  able  to  obtain  any  results  of  the  experi- 
ments of  others  upon  this  subject,  he  conducted  a  large  number 
of  experiments,  the  results  of  which  had  been  embodied  in  the 
paper,  for  the  use  of  anyone  who  chose  to  use  them,  and  not 
in  any  way  to  dictate  to   the  world  at  large,   and   designers 
especially,  with   regard   to   the   action   of  a  jet.     Mr.  Worby 
Beaumont  afjpeared  to  have  some  misconception  regarding  the 
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shape  of  the  jet  tubes,  and  also  took  exception  to  the  type  of 
carburettor  in  which  they  were  tried.  The  primary  object  of 
the  paper  was,  as  its  title  indicates,  to  determine  "  the  flow  of 
liquid  fuel  through  carburettor  nozzles,"  and  not  the  behaviour 
of  petrol  in  any  particular  carburettor.  The  author  obtained 
the  best  nozzles  be  could  for  the  purpose,  and  was  fortunate 
in  selecting  a  series  of  carefully  constructed  tubes  which  were 
made  in  France.  These  tubes  had  a  plain  hole  about  1 '  5  mm. 
in  diameter,  drilled  up  the  centre,  the  final  aperture  being  about 
5  mm.  long,  and  drilled  to  gauge  varying  from  0*95  to  1*4  mm. 
in  diameter.  The  length  of  this  small  bore  was  scarcely 
sufficient  to  be  affected  by  capillary  attraction  as  had  been  sug- 
gested by  one  of  the  speakers.  It  was  in  all  respects  similar  to 
the  plain  single-hole  jet  tube  used  in  the  majority  of  carburettors, 
and  not,  as  Mr.  Worby  Beaumont  suggested,  a  peculiar  type 
used  in  a  small  percentage  of  carburettors.  There  might  have 
been  some  misconception  as  to  the  object  of  the  surrounding 
sleeve  which  was  perforated.  The  effect  of  this  sleeve  was  to 
minimise  the  local  suction  at  the  jet  orifice,  this  orifice  being 
situated  in  the  strangler  chamber  of  the  carburettor.  At  certain 
positions  of  throttle  opening  there  was  a  difference  of  suction- 
pressure  at  the  orifice  of  the  jet  tube  and  at  the  carburettor  air 
inlet.  This  sleeve  was  designed  to  minimise  the  local  suction 
under  sucli  conditions,  as,  for  instance,  if  the  engine  speed  were 
liOO  r.p.m.  This  speed  might  occur  under  two  different  sets  of 
conditions,  first  w^hen  the  engine  was  working  up  to  its  full 
power  with  the  throttle  open  (as  when  ascending  a  hill),  secondly 
when  the  throttle  was  partly  closed  and  the  car-speed  thus 
regulated  upon  the  level.  In  each  case  practically  the  same 
amount  of  air  passed  through  the  carburettor  to  the  engine. 
There  was  naturally  slightly  less  air  due  to  wire-drawing  when 
the  throttle  was  partly  closed,  amounting  to  say  10  per  cent. 
The  action  of  the  sleeve  was  to  proportion  the  petrol  flowing,  to 
the  air  ])assing,  so  that  the  local  suction  at  the  jet  orifice,  which 
was  produced  by  the  partial  closure  of  the  throttle,  would  not 
affect  the  flow  of  liquid  from  the  nozzle  to  any  great  extent. 
This  ^vas  gra})hically  demonstrated  on  curve  G,  where  the  chain 
dotted  and  full  line  curves  marked  "  Suction  at  jet "  lie  very 
close  together  throughout  the  ordinary  working  range  of  speed. 
With  reference  to  Mr.  Worby  Beaumont's  remarks  as  to  the 
rates  of  flow  under  steady  heads,  such  as  in  the  author's  experi- 
ments with  the  pressure  system,  as  compared  with  intermittent 
and  varying  suctions  due  to  the  engine,  the  object  of  the  author 
in  using  these  jets  in  a  carburettor  as  a  separate  experiment  was 
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to  compare  the  results  obtained  in  each  case.  For  this  reason, 
during  experiments  upon  the  road,  tests  were  made  with  the 
engine  speed  fairly  constant  over  given  distances,  and  also  with 
the  engine  speed  varying  over  longer  distances  by  amounts 
represented  by  15  to  22  miles  per  hour  car  speed.  An  average 
was  taken  of  the  readings  in  these  cases  which  was  plotted  in 
curve  G,  marked  "  Suction  on  strangler."  After  this  curve  was 
plotted,  the  theoretical  curve  was  placed  in  its  position  upon  the 
chart,  and  it  would  be  seen  how  very  nearly  these  two  curves 
agreed.  However,  at  a  speed  of  900  r.p.m.  the  actual  results 
fell  below  the  theoretical  ones,  which  was  a  point  in  their  favour, 
the  tendency  always  being  for  the  suction  to  increase  dispropor- 
tionately at  higher  speeds,  as  was  shown  in  the  two  chain  dotted 
curves  representing  light  loading  (curve  G). 

The  author  agreed  that  final  adjustments  would  always  be 
necessary  whatever  system  were  employed  for  the  preliminary 
determination  of  the  size  of  the  jet,  as  the  conditions  of  working 
varied  enormously  from  moment  to  moment  and  even  from  day 
to  day,  so  that  it  was  impossible  to  determine  with  any  degree 
of  accuracy  what  exactly  would  take  place  in  a  jet-suction  type 
of  carburettor.  For  this  reason  the  author  had  always  strongly 
advocated  the  adoption  of  a  mechanical  type  in  preference  to 
any  other.  The  particular  carburettor  used  was  chosen  because 
it  had  no  moving  parts,  such  as  automatic  air  inlets,  which  were 
out  of  control,  and  the  behaviour  of  which  might  upset  the  ex- 
perimental results,  and  although  the  actual  results  obtained,  as 
far  as  the  suction  was  concerned,  varied  from  the  calculated 
results  on  Table  V.,  the  amount  of  difference,  which  was  repre- 
sented by  the  suction,  did  not  imply  that  the  flow  from  the  jet, 
as  found  experimentally  and  calculated,  varied  through  the  same 
limits.  Eeverting  to  Table  V.,  columns  3  and  12,  the  suctions 
were  calculated  at  the  two  ends  of  the  taper  entrance  of  the 
Longuemare  carburettor.  The  experimental  tube  was  inserted 
about  the  middle  of  this  taper,  so  that  one  would  have  expected 
to  have  obtained  a  reading  which  was  about  the  mean  of  the  two 
calculated  ones.  This  for  600  r.p.m.  gave  a  flow  taken  from 
curve  C  for  the  experimental  suction  of  1  inch  =0*42  gallon 
per  hour  flow,  and  for  the  calculated  value,  being  the  mean  of 
columns  3  and  12,  giving  a  flow  of  0  •  48  gallon  per  hour ;  this  was 
for  a  jet  1  •  05  mm.  diameter.  For  a  speed  of  820  r.p.m.  the  flow 
from  the  experimental  suction  was  0*53  gallon  per  hour,  and 
from  the  mean  of  the  calculated  columns  3  and  12  it  was  0*65 
gallon  per  hour.  However,  it  was  pointed  out  that,  as  the 
suction  increased,  air  came  in  through  the  top  of  the  carburettor 
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over  the  jet,  on  account  of  the  presence  of  a  regulating  device 
which  was  fitted  to  this  particular  carburettor. 

In  reply  to  Professor  Eobert  H.  Smith,  the  author  said  the 
effect  of  the  variation  of  resistance  to  the  flow  of  air  at  different 
speeds  was  not  taken  into  account,  as  he  considered  that  there 
were  more  serious  errors  which  were  liable  to  affect  the  results, 
and  that  it  would  be  a  complication  giving  little  practical  effect 
to  the  results  obtained.  The  particular  shape  of  jet  tube  was 
shown  in  the  sketch  (page  225).  The  queries  in  relation  ta 
the  same  have  been  replied  to  in  dealing  with  Mr.  Worby 
Beaumont's  remarks. 

Mr.  Yeitch  Wilson  dealt  with  the  action  of  atomisation  in 
causing  deposits  which  were  often  attributed  to  the  lubricating 
oil.  It  had  generally  been  found  that  if  the  fuel  contained 
heavier  fractions  which  were  not  usefully  burnt  in  the  cylinder, 
these  fractions  passed  right  through  the  engine  into  the  exhaust, 
and  might  be  condensed  there.  If  the  fractions  were  due  to 
insufficient  distillation,  and  contained  oily  matter,  it  would 
adhere  to  a  cooler  surface,  and  there  crack  and  leave  a  tarry 
residue.  This  was  particularly  noticeable  in  the  case  of  mixtures 
of  paraffins  and  lighter  fractions.  With  regard  to  viscosity,  it 
was  interesting  to  note  the  different  behaviour  of  oils  under 
increased  temperature,  some  of  which  lost  their  viscosity  very 
much  more  rapidly  than  others.  Throughout  the  range  of 
temperatures  covered  in  curve  B  in  the  paper,  this  loss  was 
fairly  constant,  but  it  had  a  considerable  effect  upon  the  flow  of 
a  liquid  such  as  petrol  through  an  orifice  of  the  size  usually 
employed  in  a  carburettor.  The  instrument  which  the  author 
had  used  had  a  small  aperture  which  could  be  adjusted  within 
certain  limits,  as  no  ordinary  instrument  designed  for  lubricating 
oil  would  suit  such  a  fluid  as  petrol. 

Mr.  Douglas  Leechman  considered  that  the  author  had  not 
proved  anything  conclusively,  and  he  (the  author)  agreed  that 
no  work  of  this  nature  would  ever  be  absolutely  conclusive,  as 
the  subject  was  far  too  complex  to  be  bound  within  the  limits  of 
any  hard  and  fast  rules  or  formulse.  No  one  set  of  conditions 
could  hold  good  in  all  cases  where  the  proportion  of  fuel  to  air 
depended  upon  the  suction  produced  by  the  engine.  The 
question  of  the  range  of  explosive  mixture  was  important,  and 
although  not  dealt  with  by  any  of  the  speakers,  it  was  alluded 
to.  It  was  the  actual  explosive  range,  the  limits  of  which  varied 
over  only  about  7  per  cent.,  which  determined  the  limits  of 
accuracy  in  any  carburettor  arrangement.  The  author  had  not 
experimented  to  any  great  extent  with  notched  nozzles,  although 
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he  was  aware  that  many  devices  of  this  kind  had  been  tried  to 
regulate  the  flow  of  petrol  before  reaching  the  orifice. 

With  reference  to  Mr.  Lyons  Sampson's  remarks,  there  was 
no  doubt  that  the  form  of  inlet  pipe  had  a  very  considerable 
effect  upon  the  carburation,  and  the  author  understood  that  for 
some  time  experiments  liad  been  carried  out  by  Colonel  Holden 
and  Mr.  Duckham  upon  this  subject,  the  results  of  which  would 
no  doubt  greatly  add  to  our  knowledge  of  carburation. 

In  replying  to  the  discussion  upon  the  author's  previous 
paper,  Mr.  Duckham  had  made  some  very  interesting  remarks 
upon  the  passage  of  unconsumed  fuel  through  the  engine,  and 
the  author's  results  confirmed  those  which  had  been  alluded  to 
by  Mr.  Duckham. 

Mr.  Ackermann  wished  to  know  the  direction  in  which  the 
petrol  issued  from  the  jet.  The  tube  was  directed  upwards 
and  slightly  inclined  from  the  vertical,  so  that  none  of  the  liquid 
fell  out  on  to  the  nozzle,  which  might  have  impeded  the  flow  of 
the  issuing  jet.  Care  was  taken  to  prevent  air  entering  the  pipe 
leading  to  the  jet.  This  pipe  stood  about  10  mm.  from  the 
bottom  of  the  test  tank,  and  one  edge  had  a  small  vertical  projec- 
tion (as  shown  in  the  illustration  on  page  224),  which  indicated 
when  the  level  of  the  liquid  was  near  the  top  of  the  tube,  so  that 
the  flow  fed  into  the  tank  could  be  regulated.  It  was  interest- 
ing to  note  that  Mr.  A.  S.  E.  Ackermann's  calculation  of  the 
coefficient  of  discharge  for  the  jets  appeared  to  show  that  the 
author's  experiments  were  consistent. 

Mr.  C.  H.  Win gfield  referred  to  the  formula  on  page  202,  but 
a  study  of  the  letterpress  at  the  bottom  of  page  201  would  show 
that  this  formula  was  given  by  M.  Edmond  Ledoux  in  connec- 
tion with  calculations  for  benzol,  as  was  the  matter  at  the  top 
of  page  202,  which  was  referred  to  by  Mr.  Scott  Snell.  Half 
way  down  this  page  it  would  be  seen  that  the  author  did  not 
entirely  agree  with  this  formula,  and  it  was  very  interesting  to 
note  that  his  opinion  was  confirmed  by  other  speakers  at  the 
meeting.  The  author  had  in  many  cases  taken  into  account 
the  square  root  of  the  densities  of  fuels  under  comparison,  as 
the  density  affects  the  pressure  of  the  fuel  at  the  orifice,  which 
pressure  liad  some  bearing  upon  the  frictional  resistance  of  the 
liquid  issuing  through  the  orifice.  He  agreed  with  Mr.  Wing- 
field  that  as  far  as  the  equation  v  =  Jlgli  was  concerned, 
neglecting  viscosity  or  friction,  the  density  had  no  bearing  upon 
the  subject.  As  the  temperature  increased  the  viscosity  de- 
creased, which  was  shown  by  the  author  in  his  argument  upon 
benzol  and  petrol  at  the  higher  temperatures. 
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With  regard  to  the  decrease  in  the  proportional  suction, 
Table  V.,  column  2,  these  questions  had  already  been  answered, 
but  a  careful  comparison  between  Table  V.  and  Table  VIII. 
brought  out  many  interesting  points  with  regard  to  the  fuel 
supplied  to  the  engine  in  each  case.  The  two  carburettors 
exhibited  had  been  in  use  for  a  considerable  time  in  connection 
with  the  same  engine,  and  although  the  air  velocities  were 
^videly  different,  practically  the  same  amount  of  fuel  was  fed  to 
the  engine  in  each  case.  Mr.  Scott-Snell  had  referred  to  Sorel's 
formula.  This  work  was  in  French,  and  the  author  did  not 
know  of  a  translation  of  it,  or  of  any  work  of  a  similar  nature 
in  English.  Vapour  density  was  not  defined  in  the  source  from 
which  the  author  took  this  formula,  and  he  had  assumed  that  it 
was  in  standard  English  notation. 

Mr.  E.  G,  Beaumont  had  stated  that  4^oth  second  was  an 
unreasonably  short  time,  but  in  the  case  of  a  modei'n  high  speed 
engine,  running  at  something  over  2000  r.p.m.,  the  whole  time 
of  operation  of  a  revolution  was  of  this  order.  The  object  of 
heating  the  fuel  before  it  issued  from  the  nozzle,  was  to  decrease 
its  viscosity  and  obtain  a  more  regular  flow.  In  the  case  of  a 
cold  fuel,  the  autlior  found  that  the  issuing  jet  tended  to  break 
up  into  beads  when  the  jet  was  small.  A  jet,  0*95  mm. 
diameter,  the  smallest  used  by  the  author,  was  considered  by 
him  to  be  the  minimum  practical  size,  as  under  a  pressure  head 
corresponding  to  220  mm.  of  water  it  passed  only  about  1  gallon 
of  fuel  per  hour,  and  under  ordinary  running  conditions  0  •  6 
gallon.  At  these  lower  pressures,  such  a  jet  was  extremely 
erratic  in  its  behavioui*  unless  subjected  to  frequent  increases 
of  suction,  which  could  be  done  by  racing  the  engine.  The 
relative  consumption  with  the  two  carburettors  was  about  the 
same  under  ordinary  conditions,  but  the  Claudel-Hobson  was 
more  satisfactory  in  traffic  and  under  rapidly  varying  demands, 
owing  to  its  better  regulation  of  the  proportions  of  the  mixture. 
The  distances  quoted  in  the  paper  to  which  Mr.  E.  G.  Beaumont 
took  exception,  were  given  to  show  a  certain  set  of  conditions. 
The  author's  tests  had  been  conducted  over  many  thousands  of 
miles,  and  the  mean  results  were  used  as  explained  in  his 
previous  paper.  The  dimensions  of  the  engine  were  four 
cylinders,  90  mm.  diameter  by  110  mm.  stroke,  with  valves  on 
opposite  sides  and  plugs  in  the  middle  of  the  coml)ustion 
chamber.     Synchronised  electric  high  tension  ignition  was  used. 

Mr.  Johnston  referred  to  the  heating  of  petrol.  This  had 
been  replied  to  in  answering  the  previous  speaker,  as  also  his 
remarks  with  regard  to  the  shape  of  the  induction  pipe.     It  was 
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interesting  to  note  that  Mr.  Johnston  had  produced  a  carbu- 
rettor for  use  with  paraffin,  especially  if  it  were  regulated  by 
engine  suction,  as  this  had  baffled  designers  for  many  years, 
owing  in  some  degree  to  the  small  limits  of  explosive  range  of 
paraffin  and  air  mixtures,  and  the  probability  of  small  derange- 
ments upsetting  the  whole  system. 
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December  7th,  1908. 
JOSEPH    WILLIAM   WILSOX,  President,  iu  the  Chair. 

.MECHANICAL    FLIGHT. 

By 
Herbert  Chatley,  P>.Sc.  (Kn<;s)  Loud. 

M.  AERO  SOC.  GT.  BlUT. 

Present  Position. 

The  recent  records  made  by  Messrs.  Wright,  Farman,  Delagrange 
and  Bleriot,  together  with  the  gradual  accuniuhition  of  testimony 
iu  favour  of  mechanical  liight,  have  finally  disabused  both  tlie 
pul)lic  and  experts  of  the  notion  that  aviation  is  a  dream. 

^lany  engineers  from  time  immemorial  have  tackled  the 
subject  without  success,  and  there  was  every  reason  for  the 
sceptical  attitude  which  has  prevailed  until  the  last  few^  years. 
It  is  now  evident  that  mechanical  flight  was  impossible  Wore 
science  and  engineering  skill  in  the  nineteenth  century  had  so 
perfected  the  heat  engine  that  considerable  power  w-as  obtain- 
able with  but  little  weight.  The  present  improved  aspect  of 
affairs  must  not,  however,  blind  us  to  the  fact  that  much  has 
yet  to  be  done.  The  most  successful  machines  now^  in  existence 
show  serious  defects,  cannot  be  mani})ulated  in  troublesome 
weather,  and  have  every  part  so  light  that  at  all  times  tliey  are 
on  the  brink  of  collapse.  It  rests  with  mechanical  engineers 
to  design  a  stronger  machine  without  losing  efficiency.  In  the 
course  of  this  paper  the  author  proposes  to  indicate  certain 
points  iu  which  improvement  is  desired,  and  at  the  same  time 
lie  has  endeavoured  to  include  a  sufficiency  of  the  theoretical 
;ind  exjjerimental  knowledge  available  on  the  subject  to  enable 
a  would-be  aviator  to  construct  a  simple  type  of  machine. 

It  cannot  be  too  strongly  realised  that  existhig  information 
is  defective,  and  a  few  words  as  to  research  may  be  useful. 

Necessity  for  Kksearch. 

It  will  be  shown  in  the  course  of  this  pa])er  that  the  whole 
question  of  mechanical  ilight  depends  upon  a  knowledge  of  the 
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manner  in  which  air  reacts  against  solid  bodies  moving  through 
it.  A  large  number  of  researches  have  been  made  during  the 
past  150  years,  but  even  yet  exact  information  is  lacking  on  the 
majority  of  points. 

Furthermore,  mathematical  analysis  has  not  been  sufficiently 
developed.  A  few  great  mathematicians  (including  Lords 
Kelvin  and  Eayleigh)  have  devoted  some  attention  to  the 
matter,  but  the  author  is  not  aware  that  any  mathematician 
worthy  of  the  name  has  considered  it  worth  while  to  make  an 
exhaustive  study  of  the  question,  although  it  must  be  recognised 
that  the  recent  advances  in  the  theory  of  hydrodynamics  form 
useful  auxiliaries  to  the  study  of  aerodynamics. 

Prevailing  Types. 

Considering  tlien  the  somewhat  vague  data  available,  it  is 
not  surprising  to  find  that  invention  has  proceeded  in  several 
directions.  Many  unique  types  of  machines  have  been  pro- 
jected, but  only  a  few  have  shown  a  claim  to  be  considered  as 
possessing  further  qualifications  than  uniqueness.  Three  classes 
may  be  clearly  distinguished  : — 

a.  The  Aeroplane,  or  Glider. 

h.  The  Helicoptere,  or  Screw  machine. 

c.  The  Ornithoptere,  Aviplane,  or  bird  machine. 

Aeroplane. 

This  most  successful  type  is  practically  a  kite,  sustained  by 
the  mutual  action  of  three  forces :  its  weight,  the  reaction  of 
the  air  to  which  it  has  relative  motion,  and  the  thrust  or  pull 
of  a  propeller.  If  the  latter  be  acting  horizontally,  it  is  clear 
that  the  vertical  component  of  the  air  reaction  must  be  equal 
to  its  weight,  so  that  a  certain  minimum  relative  velocity  is 
indispensable. 

Helicoptere. 

This  machine  has  proved  practically  successful,  but  is  subject 
to  certain  disadvantages.  It  consists  of  a  framework  sustained 
by  the  pull  from  a  number  of  propellers,  forcing  the  air  down- 
wards. Since,  except  when  rising  rapidly,  there  is  enormous 
slip,  this  arrangement  is  mechanically  inefficient. 

Ornithoptere. 

Innumerable  attempts  have  been  made  to  imitate  bird  flight, 
but  very  few  have  shown  any  measure  of  success.  One  machine 
(Bastin's)  has  made  short  flights,  the  wings  automatically  per- 
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forming  a  periodic  motion  resembling  that  of  a  bird's  wing.  In 
this  type  the  conditions  are  so  complex  that  it  does  not  seem  at 
all  promising. 

Relative  Advantages  of  the  Three  Types. 

Although  the  \'alues  of  these  three  types  cannot  be  properly 
appreciated  until  the  fundamental  principles  liave  been  con- 
.sidered,  yet  certain  preliminary  comparisons  may  be  made. 
Both  tlie  ornithoptere  and  the  aeroplane  labour  under  the  disad- 
vantage of  requu'ing  relative  motion  as  a  whole,  so  that  it  is  (in 
the  absence  of  a  convenient  wind)  impossible  for  them  to  remain 
stationary  over  any  point  on  the  ground.  This  the  helicoptere 
(in  the  absence  of  wind)  can  do.  Furthermore,  both  the  aero- 
plane and  ornithoptere  have  great  difficulty  in  gaining  and  losing 
this  relative  motion  at  starting  and  ali£^htinL{,  so  that  here  acrain 
the  helicoptere  is  superior.  On  the  other  hand,  the  aeroplane 
gains  in  lifting  power  by  the  use  of  a  wedging  action,  and  a 
more  economical  use  of  the  propeller. 

Brief  History  of  the  Theory. 

The  nature  of  fluid  resistance  has  been  investigated  for  many 
years,  and  the  general  principles  are  to  be  Ibuud  in  Newton's 
'  Principia.'  The  ballistic  researches  of  Hutton  and  Robins  at  the 
end  of  the  eighteenth  century,  first  clearly  showed  the  quantita- 
tive value  of  air  resistance,  and  their  work  is  still  valuable.  On 
the  hypothesis  dcducible  from  Newton's  work,  Messrs.  Navier  and 
(rav-Lussac  early  in  the  nineteenth  century  formulated  a  theory 
of  flight  which  showed  that  great  power  was  necessary,  and  this 
notion  held  sway  for  many  years  after,  so  that  little  progress 
was  made  with  the  subject,  flight  being  deemed  impracticable. 
Kxperiments  by  Wenham  and  Browning  in  the  eighties,  together 
with  Langley's  researches  in  America  and  Maxim's  in  England, 
clearly  showed  the  fallacy  of  this  idea.  Be'naud  in  187(5  first 
gave  the  mathematical  theory  of  the  aeroplane,  which  had  been 
conceived  by  Henson  in  1840.  The  late  Mr.  Froude,  Lord 
Rayleigh,  and  Professor  Bryan  developed  this  theory,  and  in  1003 
the  last-named  ])roduced  e([uations  of  stability  for  the  aeroplane. 
Two  years  later  Captain  Kerljer,  of  the  Krencli  artillery,  ampli- 
fied these  equations  to  find  the  conditions  of  lateral  stability 
and  the  form  of  the  trajectory,  aiid([uite  recently  Mr.  Manchester 
lias  done  similar  work.  Rrofessor  Fitzgerald  and  Lord  Rayleigh 
have  given  some  attention  to  the  ornithoptere,  and  Professors 
I'ettigrew  and  Marey  at  an  earlier  date  arrived  at  several  im- 
portant conclusions  respecting  bird  flight.  'I'he  Helicoptere  lias 
not  received  very  much  attention,  but  the  cognale  work  of  the 
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late  Mr.  Froude  and  his  son  on  propellers  has  a  most  important 
bearing  on  the  matter.  Mr.  Alexander,  Sir  Hiram  Maxim,  and 
several  other  engineers  have  made  researches  on  the  subject  of 
air-propellers. 

Theory. 

Resistance  of  Surfaces  and  Solids* — A  certain  resistance  is 
experienced  when  any  body  is  moved  through  the  air,  depending 
on  the  form  of  the  body  and  the  relative  speed.  If  the  air  is 
abruptly  parted  the  sudden  alteration  of  its  relative  momentum 
causes  a  thrust  on  the  body ;  its  friction  against  the  body  pro- 
duces further  resistance,  and  the  partial  vacuum  at  the  rear  (due 
to  the  air  not  immediately  returning)  causes  still  more  resist- 
ance. The  air  enters  this  rear  space  in  a  series  of  whirls  or 
eddies,  the  kinetic  energy  of  which  must  be  supplied  by  the 
moving  body.  Hence  we  must  consider  the  front  form,  the 
surface,  and  the  rear  form  of  the  moving  body.  All  the  effects 
are,  at  the  speeds  commonly  occurring,  nearly  proportional  to 
the  square  of  the  speed. 

If  a  thin  but  rigid  plane  be  moved  perpendicularly  to  itself 
with  a  speed  of  V  feet  per  second,  it  will  be  subjected  to  a 
dynamic  resistance  and  also  to  a  negative  pressure  due  to  the 
whirling  behind.  The  skin  resistance  will  be  negligible  except 
when  the  dimensions  are  very  great.  The  dynamic  resistance 
depends  on  the  quantity  of  air  affected,  which  again  varies  with 
the  area,  so  that  we  may  write — 

P  =  /,:(l  +  ^^SV^     .  .  .       (1) 

Where  P  is  the  total  pressure  in  lb.,  S  is  the  area  in  square 
feet,  V  the  speed  in  feet  per  sec,  and  k  and  n  are  constants ; 
h  is  the  mass  of  a  cubic  foot  of  air  divided  by  2,  and  is  equal  to 
about  '0012  at  normal  temperature  and  pressure;  n  is  the  ratio 
of  the  dynamic  to  the  negative  pressure,  and  is  generally  rather 

more   than  2,  so   that  k  (1  -f-     )  varies  according  to  different 

experimenters  from  -0013  to  -0017.  Langley's  value  '0017  is 
frequently  used,  so  that  we  have — 

P  =  /.•  S  V^  (where  k  =  -0017)      .  .       (2) 

If  the  plane  be  turned  so  that  it  make  an  angle  7  with  the 
direction  (jf  motion,  the  dynamic  action  is  no  longer  symmetrical, 

*  See  Lamb's  'Hydrodynamics,'  Lanchester's  'Aerodynamics,'  also  an 
article  by  the  author  on  the  '  Stream  Line  Theory  in  Relation  to  Aero- 
dynamics,' in  'Aeronautics,'  August  1908. 
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skin  friction  becomes  important,  and  negative  pressure  decreases. 
Many  rules  have  been  given  for  this  case,  but  except  for  very 
small  (say  less  than  2°)  and  very  large  angles  (more  than  40°) 
the  following  rule  will  serve : — 

P  =  2  A.-  S  V^  sin  7         .  .  .     (3) 

As  the  surface  becomes  nearly  coincident  with  the  direction 
of  motion  P  decreases,  but  there  is  a  certain  residual  resistance 
due  to  edge  dynamic  action  and  skin  friction.  Lanchester 
makes  this  approximately 

'■=^r-  •  •  ■  <" 

wliere  F  is  the  total  resistance  in  11). 

I  The  author  is  responsible  for  this  formula.] 

This  means  that  the  coefficient  of  skin  friction  is  upwards 
of  5  per  cent,  of  the  coefficient  of  resistance.  There  is  some 
difference  of  o[»inion  as  to  this,  but  the  value  will  serve.* 

Curved  surfaces  experience  analogous  resistances  when  in- 
clined so  as  to  present  a  definite  convexity  or  concavity  forwards, 
the  coefficient  beino-  rather  lar^^^er.  If  such  surfaces  have  their 
chords  in  the  dii^ection  of  motion,  they  will  be  subject  to  skin 
friction,  and  will  also  experience  an  upward  or  downward  thrust 
according  as  the  convexity  is  beneath  or  above,  provided  that 
the  curvature  is  easy  so  that  the  air  may  stream  into  the  con- 
cavity. Surfaces  laterally  great  experience  more  thrust  than 
those  whose  major  dimensions  are  in  the  direction  of  motion, 
the  ratio  of  thrust  per  unit  area  varying  about  30  per  cent,  above 
and  below  tliat  on  a  square  surface. 

The  resistance  of  air  to  solids  in  motion  is  similar  to  that  of 
water,  but  in  the  decreased  ratio  of  the  density  of  air  to  water 
(about  1 :  800). 

Centre  of  Pressure. 

The  dynamic  resistance  is  not  symmetrical,  the  resultant 
pressure  being  ahead  of  the  centre  of  area.  More  inforniiitiuii 
is  required  as  to  this  displacement.  For  planes  inclined  at  an 
angle  7  to  the  direction  of  motion,  the  following  rule,  given  by 
Joessel  and  Avanzini,  is  much  used  : — 

A  =  0-3  (1  -  sin  7)  L    .  .  •     (5) 

where  A  is  the  distance  in  feet  from  the  centre  of  area  to  tlie 

*  Soo  Badon  Powell's  '  Practical  Aerodynamics,'  Langloy's  '  Kxporiiuonts 
iu  Aerodynamics,'  and  the  author's  book,  'Tbo  Problem  of  Flight.' 
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centre  of  jiressure,  and  L  the  length  in  feet  of  the  plane  in  the 
direction  of  motion. 

Turnbull  ('  Phys.  Eeview,'  xxiv.  March  1907)  contests  this 
rule,  and  states  that  his  experiments  indicate  that  when  7  is  less 
than  18",  A  simply  varies  with  7,  so  tliat  when  7  =  0,  A  =  0. 
For  surfaces  having  a  convex  underside  or  concavity  in  front 
and  convexity  at  the  rear  (both  on  the  underside),  he  gets  a 
law  similar  to,  but  in  excess  of,  Joessel's.  He  maintains  that 
these  two  types  of  surface  only  are  stable. 

As  this  quantity  enters  into  all  the  stability  formulae, 
further  experiment  is  urgently  required.* 

Energy  Eequired  fok  Flight  (AiiROPLANE). 

Since  the  normal  pressure  varies  as  the  area  of  the  plane 
and  the  square  of  the  speed,  the  component  of  this  in  the 
direction  of  motion  will  similarly  vary.  Thus,  if  the  thrust  is 
in  the  direction  of  motion  we  have  E,  the  resistance  of  the 
plane  in  lb. 

E  =  P  sin  7  =  2  ^'  S  V2  sin^  7    .  .         (6) 

and  if  a  further  resistance  C  V'-^  be  allowed  (where  C  is  the 
])rojected  area  in  square  feet  of  the  car  at  right  angles  to  the 
direction  of  motion)  for  the  car  and  framework,  we  have 

H  =  (E  +  C  V^)  V 

=  (2  k  S  sin^  7  -I-  C)  V^  .  .         (7) 

where  H  is  in  foot-pounds  per  second. 

Hence  the  power  required  appears  to  vary  as  the  cube  of  the 
velocity.  7,  however,  is  not  necessarily  constant,  so  that  we 
may  diminish  the  power  by  decreasing  7,  always  remembering 
that  C  is  invariable.  The  limiting  value  of  7  is  determined  by 
the  weight,  for  the  vertical  thrust  must  never  be  less  than  the 
weight.     If  the  direction  of  motion  is  horizontal,  then  we  have 

W  =  P  cos  7  =  2  /:  S  V2  sin  7  cos  7  .         (8) 

where  AV  is  the  weight  in  lb.,  so  that  V  being  known,  7  can  be 
computed,  or  vice  versa.  It  will  follow  from  this  that  if  a 
certain  starting  value  for  7  is  assumed,  the  value  V,  found  from 
equation  (8),  will  jje  the  lowest  soaring  speed,  i.e.  the  starting 
s])eed  re(|uired. 

iJy  substitution  between  (7)  and  (8)  the  speed  corresponding 
to  a  given  power  and  angle  may  be  obtained,  or  the  power 
required  to  drive  the  machine  at  any  particular  angle  and  speed. 

*  See  Turiibull's  paper,  also  Kummor  '  Berlin  Akadomio  Abhandluiigen,' 
1875-6  ;  Joessel  '  Genie  Maritime,'  1870 ;  Langloy  '  Experiments  in  Aerody- 
namics,' Moedebeck's  '  Pocket-Book.' 
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If  the  macliiue  be  rising,  so  that  the  line  of  motion  is  inclined 
at  an  angle  6  to  the  horizon,  then  (8)  becomes 

W  =  P  cos  ((9  +  7)  =  2  k  S  V'^  sin  y  cos  (^  +  7)      .     (9) 

})y  substitution  between  (7)  and  (9)  we  can  find  the  power, 
speed,  and  angle  in  terms  of  one  another  in  the  new  circum- 
stances, which  are  the  most  adverse  that  have  to  be  considered. 


Power  Kequired  for  a  Helicoptere. 

This  will  follow  at  once  from  a  consideration  of  propeller 
thrust.  For  if  T  be  the  thrust  in  lb.  of  a  propeller,  under 
given  conditions  as  to  speed  and  slip,  then  in  a  helicoptere 

W  =  nT  .  .  .  (10) 

where  n  is  the  number  of  propellers. 

The  ornithoptere  mil  be  discussed  later. 

Efficiency  of  Propellers. 

Experiment  has  generally  shown  that,  subject  to  correc- 
tion for  the  difference  of  density,  an  air-propeller  is  almost 
identical  in  its  action  with  a  marine  propeller.  The  thrust  is 
proportional  to  the  area  of  the  blades  and  the  square  of  the 
speed,  and  the  power  varies  as  the  cube  of  the  speed.  There 
is  a  diminution  of  thrust  with  a  decrease  of  slip,  and  both 
power  and  thrust  increase  with  the  diameter  of  the  propeller. 
There  is  no  necessity  to  present  here  the  general  conclusions 
as  to  propellers,  which  will  be  found  in  Mr.  Eroude's  papers  in 
the  '  Trans.  Inst.  Naval  Architects,'  and  in  text-books  on  naval 
architecture  and  marine  engineering.  There  is,  however,  one 
respect  in  which  the  action  of  a  propeller  in  air  differs  from 
that  in  water,  viz.  the  feed.  Owing  to  the  small  inertia  of  air, 
a  propeller,  revolving  on  a  fixed  axis  in  air  previously  stationary, 
rapidly  ejects  air  by  axial  propulsion  and  centrifugal  force,  and 
tends  to  surround  itself  by  a  vortex  of  air,  with  a  consequent 
diminution  of  the  thrust  to  almost  zero.  This  is  the  reason  for 
the  lack  of  success  in  experiments  which  have  been  made  on 
lifting  screws  for  lielicopteres.  On  the  other  hand,  an  axial 
or  transveree  tiow  caused  by  motion  of  the  axis  of  rotation 
will  supply  the  propellers  with  the  necessary  fresh  air,  and 
consequently  we  hnd  that  the  smaller  the  slip  (i.e.  the  greater 
the  advance)  of  the  screw  the  greater  its  elhciency.  Similarly, 
in  lielicopteres  moving  laterally  there  is  more  lift. 

For  a  sustaining  screw   not  rising   (i.e.  with  100  per  cent. 
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slip)  the  author  lias  deduced  the  following  formula  for  the 
thrust  (see  '  The  I'roblem  of  Flight/  p.  9)— 

T=0-lr4/HL)'        .  .  .     (11) 

where  T  is  the  thrust  in  lb.,  r  the  revolutions  per  second,  H  the 
horse-power,  and  D  the  diameter  in  feet  of  the  propeller.  This 
is  based  on  the  assumption  that  the  area  is  that  required  by  the 
conditions  as  to  power,  diameter,  and  speed.  The  following  rule 
for  the  projected  area  must  be  applied — 

A=-V5   •    •    •  (^2) 

where  A  is  the  ratio  of  the  projected  area  to  the  disc  area. 

These  rules  are  based  on  Mr.  W.  G.  Walker's  experiments 
with  fans,  particulars  of  which  will  be  found  in  Mr.  Innes'  book 
on  '  The  Fan.' 

The  thrust  per  H.l\  obtained  with  the  best  forms  of  propellers 
varies  from  20  to  60  lb.,  40  being  the  common  maximum. 
The  mechanical  efficiency,  as  in  the  case  of  marine  propellers, 
rarely  rises  above  50  per  cent.,  the  best  results  being  obtained 
with  a  minimum  of  slip.  This  alone  gives  tlie  aeroplane  a 
superiority  over  the  helicoptere.* 

Stability  of  Glideks. 

We  have  seen  that  the  centre  of  pressure  is  ahead  of  the 
centre  of  area,  and  that  the  distance  between  these  two  depends 
on  the  angle  7.  If  then  the  angle  and  the  normal  pressure  are 
constant,  the  turning  moment  of  the  pressure  about  the  centre 
of  area  is  also  constant,  and  may  be  balanced  by  shifting  the 
centre  of  gravity  until  it  lies  over  the  centre  of  pressure.  Seeing, 
however, "that  neither  the  angle  nor  the  resistance  is  absolutely 
constant,  it  might  be  supposed  that  stability  was  impossible. 
That  this  is  not  so  has  been  demonstrated  by  Professor  Bryan 
and  Mr.  Williams  in  a  ])aper  read  before  the  Koyal  Society  in 
1903,  and  by  (Japtain  Ferber  in  an  article  in  the  '  Revue  d'Artil- 
lerie'  (Nov.  1905).  In  the  latter  it  is  shown  that  an  aeroplane 
is  longitudinally  stal)le,  if  two  conditions  are  satisfied. 

(1)  That  the  longitudinal  radius  of  gyration  about  an  axis 
througli  the  centre  of  gravity  does  not  exceed 

m     ■     ■     ■     ■  (i^> 

when  P  is  the  weight  oi"  the  aeroplane  in  kilogrammes,  and  h  the 
overall  width  of  the  machine  in  metres.  The  radius  of  gyration 
is  here  measured  in  metres. 

•  See  the  author's  paper  to  the  Aeronautical  Society,  October  1908. 
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(2)  That  the  centre  of  gravity  falls  over  the  centre  line 
between  two  points,  one  a  little  ahead  of  the  centre  of  area  of 
the  sustaining  surfaces,  the  other  near  the  forward  edge  of  the 
ai'roplane.  The  exact  values  of  these  positions  depend  on  the 
characteristic  magnitudes  of  the  machine  througli  a  series  of 
somewhat  complex  equations,  for  wliich  the  papers  referred  to 
sliould  be  consulted.  It  must  be  recognised  in  this  connection 
that  the  probable  inaccuracy  of  Joessel's  formula  invalidates  the 
accuracy  {not  the  method)  of  the  values  given  by  Captain  Ferber 
in  this  paper. 

If  the  centre  of  gravity  coincides  with  one  of  these  points,  the 
macliine  is  subject  to  two  oscillations  of  long  and  sliort  periods 
respectively,  any  increase  of  which  will  lead  to  collapse. 

The  behaviour  of  a  machine  running  with  a  certain  initial 
speed  is  then  somewhat  as  follows.  The  continued  resistance 
tends  to  retard  the  machine,  and  to  cause  the  velocity  to  fall 
below  the  soaring  limit,  and  the  weiglit  (in  front  of  the  centre 
of  area)  causes  the  front  to  dip.  The  gravitationally  acquired 
velocity  causes  a  forwai'd  acting  pressure  on  the  surface,  so  that 
if  the  machine  is  stable  (in  accordance  with  the  above  condi- 
tions), it  settles  down  into  a  condition  in  which  the  resistance 
due  to  the  resultant  velocity  just  balances  the  component  of  the 
weight  in  the  direction  of  motion.  Penaud  has  shown  that  the 
angle  Ijetween  the  plane  and  the  direction  of  motion  (trajectory) 
("  Tangle  d'attaque ")  is  half  the  angle  between  the  trajectory 
and  the  horizontal,  when  tlie  trajectory  is  such  as  to  give  the 
greatest  travel. 

This  condition  is  satisfied  when 

Lan7=>y^-^-^        .  .  .      (14) 

If  from  any  cause  tlie  machine  loses  velocity,  it  will  drop 
and  gain  kinetic  energy  by  loss  of  potential,  until  its  velocity  is 
that  required.  On  the  other  hand,  if  accidentally  its  velocity 
increases,  it  will  rise,  to  lose  kinetic  energy  by  gaining  potential 
energy.  It  is  tliis  excliange  in  tlie  form  of  energy  wliich  causes 
tlie  oscillations  in  an  unstable  glider.  Professor  Bryan  and 
Mr.  Williams  have  photogi-a})hed  gliders  bearing  flash-lights, 
and  demonstrated  the  reality  of  the  long  and  short  period 
oscillaticm,  but  the  theory  needs  considerable  amplification  so 
as  to  apply  to  comi)lex  cases  of  combined  planes,  and  simplifi- 
cation so  as  to  be  readily  applicable  to  design. 

Mr.  Lanchester  ('  A('rial  Flight,'  vol.  ii.,  and  '  British  Asso- 
ciation Trans.,'  Dublin,  190S)  gives  new  formuhe  for  the 
stability,  and  finds  that  the  oscillations  are  trochoidal.* 

♦  Seo  •  The  Engineer,'  Sept.  18,  I'JOB. 


250  mechanical  flight. 

Practice  (Aeroplanes). 

Time  will  not  permit  an  exhaustive  account  of  the  theoretical 
principles  involved  to  be  given,  but  the  more  essential  points 
have  been  touched  upon,  and  it  will  be  useful  to  indicate  how 
these  principles  will  be  applied. 

In  designing  an  aeroplane  the  weight  is  perhaps  the  first 
consideration,  and  next  the  minimum  velocity  required.  From 
formula  (8)  we  can  proceed  to  find  S,  the  area. 

W  =  2  ^^  S  V2  sin  7  cos  7  .  .  ,     (8) 

Let  cos  7=1,  since  7  is  small,  and  sin  y  =  I,  and  2  Jc  = 
•004,*  then 

W  =  -0012  SV^, 
and 

W 

^  "  ^00l2T'^  •  •  •     ^^^^ 

Thus,  if  V  is  30  feet  per  second  (say  30  miles  per  hour), 
S  =  W,  i.e.  the  area  in  square  feet  is  the  same  as  the  weight 
in  lb.     Less  area  will  necessitate  more  speed,  and  vice  versa. 

A  useful  rule  connecting  the  area  and  weight  (based  on  bird 
flight  in  spite  of  dimensional  theory)  is  that 

S  oc  W«-      .  .  .  .      (16) 

Next,  to  find  the  thrust  required,  we  take  formulae  (7)  and 
(8),  and  get 

T        R  +  C  V2  C 

W  W  '        2  a;  b  sm  7  cos  7  ^     ^ 

as  the  ratio  Ijetween  the  thrust  and  the  load.  Neglecting  the 
second  term,  which  is  small  (or  rather,  taking  a  higher  value 
for  the  first,  so  as  to  include  the  second;,  we  write 

tan  7  =  sin  7  =  -J  or  }, 
so  that 

W 
o  or  4  ^     ^ 

This  is  a  very  useful  rule,  and  the  author  believes  it  was 
originally  suggested  by  Professor  Bryan.  It  is  adopted  by 
most  of  the  French  investigators. 

Since  the  thrust  per  I5.H.P.  with  a  good  propeller  is  about 
30  or  40  ]b.,  we  may  write 

W 

40  II  =    }, 
4' 

*  Twice  -0017  (see  p.  4)  plus  an  addition  of  -uaJG  for  the  lateral  spread 
generally  employed  (see  p.  5). 
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SO  that 

W  =  160  U  .  .  .     (19) 

where  H  is  now  in  B.H.P. 

Tliis  may  be  regarded  as  a  high  value,  and  probably  only 
half  this  can  be  safely  employed,  so  that  1  H.P.  will  carry  say 
80  lb.  Great  improvements  should  eventually  be  made  in  this 
direction. 

The  light  motors  (such  as  the  Antoinette,  Dufaux,  and 
Ksnault-Pelterie  types)  now  made  produce  about  1  B.H.P.  per 
3  lb.  of  weight,  or  allowing  for  transmission  gearing  and  friction 
losses,  say  1  B.H.P.  per  5  lb.  of  mechanism,  so  that  the  weight 
of  this  will  be  =  5  H  lb.,  and  hence  from  (19)  (modified  as 
suggested)  we  get  the  available  weight  of  the  surfaces,  framing, 
and  aeronaut  =  75  H  lb.,  or  for  framing  and  surfaces  alone 
(reckoning  aeronaut's  weight  at  150  lb.) 

W  =  (75  H  -  150)  lb.    .  .  .     (20) 

Employing  the  rule  obtainable  from  (15)  that  S  =  W,  we 
Hnd  the  weight  of  surfaces  and  framing  per  square  foot  is 

W  ^  75  _  150  ..^-1 X 

S'       80         S  *  *  '     K-  ) 

Care  must  be  taken  to  prevent  surfaces  interfering  with  one 
another,  and  this  is  generally  attained  by  superposing  them  at 
a  distance  apart  equal  to  their  width,  or  placing  them  behind 
one  another  at  the  same  minimum  distance. 

The  positions  of  the  aviator  and  the  engines  are  very  im- 
portant. Generally  the  first  is  in  front.  The  Wright  machine 
has  them  side  by  side.  In  any  case  the  position  of  the  common 
centre  of  gravity  must  answer  to  the  rules  given  in  the  theory 
of  staljility.  Lateral  l)alance  is  assured  by  the  use  of  a  dihedral 
angle  between  the  wing  i)lanes,  or  by  a  keel  ])lane.  Captain 
Ferber  has  discovered  the  laws  controlling  the  size  and  position 
of  the  latter,  which  are  to  be  found  in  the  paper  previously 
referred  to.  Steering  is  accomplished  in  several  ways,  as  will 
presently  be  described. 

( '0NSTi;u( rrivE  Features. 

Several  types  of  machine  may  be  disLiiiguished,  Init  three 
esi)ecially  are  noteworthy,  and  are  named  after  their  inventors: 
(a)  Chanute;  (/^)Langley;  (c)  Wright.  The  Phillips  machine  is 
a  fourth  type,  but  is  analogous  to  the  iirst.  The  Chanute 
machine  is  the  type  adopted  by  Farman,  Delagrange,  and 
Captain  Ferber.  It  consists  of  two  super])osed,  narrow  surfaces 
mounted  on  a  transverse  girder.     A  central  longitudinal  girder 
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connects  this  front  frame  with  a  rear  one  of  similar  form  but 
smaller,  sometimes  divided  by  partitions  into  cells  after  the 
pattern  of  the  Hargrave  kite.  The  aviator  and  motor  are 
placed  centrally  at  the  rear  of  the  front  surfaces,  where  the 
e.g.  must  be,  so  as  to  be  ahead  of  the  mean  centre  of  area  of  all 
the  surfaces.  The  trimming  planes  are  generally  in  front,  and 
the  steering  planes  at  the  rear.  This  differs  however,  and  will 
be  discussed  presently.     One  propeller  is  used  between  the  sets. 

The  Langlcy  Type,  generally  termed  monoplanar,  consists  of 
two  pairs  of  wing  surfaces,  inclined  67j°  from  the  vertical,  so 
as  to  include  a  dihedral  angle  of  135°.  A  central  shaft,  or 
framed  girder,  supports  the  cantilever  ribs  which  stay  the 
wings.  The  engine  is  between  the  pairs  of  wings,  and  the  two 
propellers  are  paired  alongside. 

Wright  Type. — Consists  simply  of  two  superposed  surfaces  as 
in  the  Chanute  type,  with  no  tail.  Front  trimming  planes 
similar  to  the  mnin  wings,  and  rear  vertical  planes  for  steering. 
Catapult  initial  propulsion.     Two  propellers  behind  the  wings. 

Phillips  Machine. — Consists  of  a  large  number  of  superposed 
rigid  curved-section  blades,  with  stream  line  profiles,  lifting  by 
the  upward  diversion  of  the  air.  The  frames  are  two  or  four  in 
number,  and  a  rear  propeller  is  used.  Torpedo-shaped  body. 
The  general  principles  of  this  machine  are  excellent. 

Trimming  and  Steering. 

Guide  planes  of  various  forms  are  used  for  trimming  and 
steering.  A  cruciform  set  of  planes  for  both  purposes  has  been 
used  on  the  Langley  and  Ludlow  machines.  Superposed  pair 
for  trimming,  placed  in  front,  have  been  used  by  Farman, 
Delagrange,  and  the  Wrights.  Santos  Dumont  (xiv.  his) 
employed  a  cellular  kite  for  both  purposes,  and  M.  Bleriot 
has  used  trimming  planes,  turning  on  axes,  at  the  tips  of  the 
wing  planes.  A  sliding  weight  is  used  in  the  Weiss  gliders, 
and  the  author  has  suggested  a  weight  on  a  coarse-pitched 
leading  screw  as  useful.  For  steering  laterally,  vertical  sur- 
faces are  generally  employed  at  the  rear.  By  slightly  canting 
the  machine  a  lateral  thrust  is  produced  which  will  turn  the 
machine,  altliough  the  consequent  diminution  in  lift  tends  to 
make  it  lose  elevation.*  The  Wrights  also  employ  torsion  of  the 
main  surfaces. 

Starting  and  Alighting. 

In  starting  an  aeroplane  there  are  numerous  difficulties. 
The  essential  is  that  the  soaring  velocity  shall  be  reached  before 
the   machine    leaves  the  ground.      If    a   machine   be   simply 

*  See  paper  by  M.  Renard  in  '  Gomptes  Bendues '  this  year. 
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propelled  along  a  track,  so  soon  as  the  soaring  velocity  is  ap- 
proaclieJ  the  friction  on  the  gi*ound  becomes  negligible,  and  the 
propulsive  effort  is  uncertain.  Usually  the  machine  rears  or 
sinks  forward,  touches  the  ground,  and  loses  its  required  velocity, 
so  that  no  start  is  made.  Langley  experienced  great  difficulties 
in  this  way.     Pour  methods  are  available. 

1.  Starting  on  a  track  which  the  aeroplane  cannot  leave  until 
the  required  velocity  is  reached.     (Langley.) 

2.  Starting  on  a  track  employing  a  small  plane  angle,  and 
when  a  velocity  has  been  reached  in  excess  of  the  minimum 
for  the  machine,  raise  the  planes  quickly  until  the  angle  suits. 
The  excess  of  speed  will  give  the  initial  elevation  required. 
(Farman,  Delagrange,  P^erber.) 

3.  Start  from  a  height,  preferably  down  a  slope.  (Voisiu, 
Roe). 

4.  Use  a  frame  which  can  by  the  store  of  energy  in  springs, 
or  a  lifted  weight,  act  as  a  catapult.     (Wright  Brothers.) 

In  each  case  the  starting  device  (carriage,  sledge,  or  catapult) 
may  be  integi-al  mth,  or  separate  from,  the  machine.  Separately, 
weight  is  of  course  saved.  On  the  other  hand,  the  machine  is 
useless  witliout  the  hoistinsr  device.  Startimj-staoes  with  neces- 
sary  catapults  or  other  devices  have  been  suggested.  The  At'ro 
Club  de  France  tests  machines  from  a  steel  tower  in  the  Galerie 
des  Machines,  on  the  principle  given  third  in  the  foregoing  list. 

With  regard  to  descent,  this  is  intimately  related  to  gliding 
stability.  As  we  have  seen,  if  the  weight  is  in  the  right  place, 
oscillations  will  be  damped  out,  and  the  descending  machine 
will  follow  a  straiglit  descending  line  with  a  uniform  velocity. 
The  alighting  springs  should  be  capable  of  storing  the  energy  of 
impact  corresponding  to  this  speed  and  angle. 

Helicoptkres. 

It  will  have  become  evident  from  wliat  has  been  said,  that 
this  type  of  machine  is  more  or  less  at  a  discount.  Machines 
have  been  made  by  Santos  Dumont,  Kress,  Dufaux,  and  others, 
but  as  yet  the  results  are  not  very  important.  The  al)ility  to 
soar  is  undoubtedly  a  great  advantage,  but  the  loss  (hie  to 
insuthcient  air  supply,  tbe  aljsence  of  wedge  action,  and  the 
necessity  for  further  machinery  to  give  lateral  i)ropulsion  are 
great  drawbacks.  Mr.  liankine  Kennedy  is  one  of  the  strongest 
advocates  of  this  type  just  now,  and  is  evidently  convinced  as 
to  its  ultimate  success.  The  author  has  interested  liimself  in  the 
type  for  a  hmg  time,  but  cannot  say  that  at  ])resent  he  considers 
it  to  be  superior  to  the  ac'roplane.  In  a  paper  just  presented  to 
the  Aeronautical  Society  he  has  discussed  the  question. 
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Ornithoptieres. 


Professors  Marey  and  Pettigrew  have  shown  that  the  wings 
of  flying  animals  rotate  Avhile  reciprocating,  so  as  to  provide  a 
forward  thurst  as  well  as  a  downward  one.  (See  '  The  Problem 
of  Flight/  p.  59.)  The  researches  of  Mouillard,  Langley,  Fitz- 
gerald and  Deprez  have  also  shown  how  the  greater  flying 
birds  manage  to  utilise  the  pulsations  of  the  wind  and  its  vertical 
component  to  soar  and  glide.  Lord  Eayleigh  has  given  simple 
rules  in  this  connection. 

A  type  not  uncommon  (on  paper)  is  the  rotating  machine, 
in  which  a  number  of  blades  are  controlled  by  a  cam,  so  that  on 
the  downstroke  they  move  perpendicular  to  their  planes  and  on 
the  upstroke  parallel  to  their  planes,  and  thus  produce  an  upward 
resultant  thrust  The  mechanical  efficiency  of  such  an  arrange- 
ment cannot  be  so  high  as  that  of  an  aeroplane.  Moy's  aerial 
steamer  and  centrifugal  fan  types  correspond  to  this  variety. 

Literature. 

The  literature  of  this  subject  is  now  considerable.  Books 
and  periodicals  have  been  published  in  most  European  languages, 
and  the  Greater  Powers  have  each  military  departments  and 
scientific  societies  representing  the  movement. 

P)eginners  in  the  subject  would  do  well  to  commence  with 
Marshall  and  Greenly's  '  Flying  Machines,  Past,  Present 

and  Future '  (P.  Marshall  &  Co.     Is.) ;  and 
Lord    Rayleigh's     '  Mechanical    Principles    of    Flight ' 
(Manchester  Memoirs.     Is.). 
As  general  books  of  reference  the  following  are  very  useful : — 
Lanchester's   '  Experiments   in    AoTodynamics '    (Smith- 
sonian Institution,  Washingtion.     1  dollar). 
Moedebeck's   '  Aeronautical   Pocket    Book '    (Whitaker. 

10s.  U). 
Ferber's   '  Les    Progres  de  I'aviation  par  le  vol  plane ' 
(in  '  Kevue  d'Artillerie,'  August,  Oct.  and  Nov.  1905). 
Lilienthal    '  J^er   Vogelflug   als    Grundlage   die    Fliege- 

kunst'  (Berlin). 
Lanchester  '  Aiirial  Flight'  (2  vols.     Constable.     42s.). 
The    author's    books,    'The    Problem    of   Flight,'    10s.    6f/. 
(Griffin),  and  the  '  The  Force  of  the  Wind,'  may  prove  helpful. 

Future  Work. 

Pieference  has  been  made  to  the  necessity  for  further  research 
as  to  the  centre  of  pressure.     Information  is  also  wanted  as  to 
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the  resistance  and  stability  of  combined  planes,  the  thrust  of 
screw  propellers,  and  the  effect  of  lateral  currents  on  propellers 
and  gliders.  The  mathematical  analysis  of  the  equations  of 
motion  of  the  aeroplane  in  space  needs  to  be  advanced.  Simpler 
forms  of  the  equations  of  stability  and  trajectory  are  required. 
The  application  of  the  latest  investigations  as  to  resistance  (such 
as  M.  Eiffel's)  and  centre  of  pressure  to  these  equations  has  yet 
to  be  made,  and  bird  fliglit  needs  mucli  study  by  ornithologists 
trained  in  applied  mechanics. 

Kelatiox  to  Wak  and  Commerce.* 

The  sudden  development  of  aerial  navigation  led  to  a  popular 
panic  which  was  quite  baseless.  At  present  the  dirigil)le  balloon 
is  extremely  vulnerable,  cannot  carry  more  than  a  few  pounds 
weight  of  projectiles,  and  lias  great  difficulty  in  hitting  a  mark. 
In  espionage  it  may  be  useful.  Ai'roplanes  may  perhaps  be 
presently  available  for  attacking  vital  points  and  despatch  work, 
but  it  will  be  long  before  they  will  be  steady  in  a  wind. 

Commercially  the  outlook  is  worse.  Although  tlie  energy 
required  for  aerial  transport  is  not  much  greater  than  in  terres- 
trial and  marine  locomotion,  the  danger  and  unpunctuality  will 
take  many  years  to  eliminate.  Wind  occasionally  (not  frequently) 
will  have  serious  effects  on  direction  and  time  of  passage.  Even- 
tually the  airship  and  Hying  machine  will  affect  society,  but 
the  author  thinks  it  will  not  be  for  some  years  to  come. 

Finally,  the  author  wishes  to  point  out  the  deplorable  back- 
wardness of  English  invention  in  this  direction. 


DISCUSSION. 

The  President,  in  moving  a  vote  of  thanks  to  the  author, 
remarked  on  the  interest  and  importance  of  this  subject  at  the 
present  time.  Mechanical  flight  was  obviously  one  of  those 
branches  of  development  which  depended  equally  upon  scientific 
research  and  practical  experiment ;  and  the  paper  had  laid  open 
the  ground  for  what  he  hoped  would  be  a  very  interesting 
discussion.  In  former  times,  it  took  the  missionary  Moffat 
twelve  months  to  travel  from  Cajje  Town  to  the  Victoria  Falls  : 
wliereas  it  was  now  possible  to  reach  the  Victoria  Falls  from 
England  in  about  three  weeks.  It  was  claimed  that  mechanical 
flight  would  very  shortly  enable  us  to  travel  to  the  most 
distant  part  of  the  world  in  four  days;  and  it  was  certainly  a 

*  See  article  by  Professor  Nowcomb  in  tbe  '  Ninetoontii  Century,'  Sept.  I'JOS. 


256  MECHANICAL    FLIGHT. 

striking  thing  that  we  had  reached  at  the  present  time  a  more 
advanced  point  in  this  matter  than  had  ever  been  attained 
before. 

The  vote  of  thanks  was  unanimously  agreed  to. 

Mr.  Holroyd  Smith,  in  opening  the  discussion,  said  that 
he  had  no  time  to  test  the  mathematical  formuUe  which  the 
paper  contained.  His  only  remark  on  them  would  be  to  repeat 
the  note  which  the  author  gave  at  the  conclusion  of  his  paper, 
namely,  "  the  mathematical  analysis  of  the  equations  of  motion 
of  the  aeroplane  in  space  needs  to  be  advanced.  Simpler  forms 
of  the  equations  of  stability  and  trajectory  are  required.  The 
application  of  the  latest  investigations  as  to  resistance  and 
centre  of  pressure  to  these  equations  has  yet  to  be  made,  and 
birds'  flight  needs  much  study  by  ornithologists  trained  in 
applied  mechanics."  He  fully  endorsed  that  sentence,  and,  as  a 
natural  deduction,  was  of  the  opinion  that  it  was  going  a  little 
too  far  and  too  fast  to  state  definite  formulae  at  the  present  time. 
He  remembered  the  statement  of  skilled  mathematicians  proving 
beyond  contradiction  that  mechanical  flight  was  impossible, 
and  practical  demonstrations  had  now  shown  their  clever 
calculations  to  be  wrong.  In  the  lecture  which  he  had  given 
over  thirty  years  ago,  he  had  made  bold  to  dispute  the  then 
statements  of  the  mathematicians,  and  said,  "  When  the  naviga- 
tion of  the  air  has  been  actually  accomplished,  the  mathematics 
will  follow."  The  present  paper  showed  that  his  prophecy  had 
been  fulfilled.  His  study  of  the  question  was  made  without 
the  aid  of  any  of  the  various  books  which  had  since  been 
published.  It  was  simply  from  careful  and  studious  observa- 
tion of  the  flight  of  birds  and  a  natural  aptitude  ibr  applied 
mechanics. 

With  regard  to  the  author's  definition  of  prevailing  types, 
he  thought  that  the  aeroplane  was  at  present  tlie  prevailing 
type;  that  the  lielicoptere  was  probable  in  the  near  i'uture,  and 
that  the  ornithoptore  should  be  struck  out  altogether.  He 
would  strongly  advise  that  neither  time  nor  money  be  spent 
upon  an  attempt  to  make  an  ornithoptere,  because  to  try  to  fly 
in  the  manner  of  birds  would  be  just  as  absurd  as  to  make  a 
locomotive  engine  wluch  would  gallop  like  a  horse. 

In  referring  to  the  experiments  made  with  helicopteres,  the 
paper  stated  that  there  was  no  wedging  action.  If  people  had 
been  trying  to  construct  a  helicoptere  without  realising  and 
utilising  the  wedging  action,  they  had  been  taking  hold  of  the 
stick  at  the  wrong  end :  no  wonder  failure  followed.  It  nmst 
be  remembered  that  the  form  of  blade  which  would  be  efficient 
in  a  propeller  for  driving  forward  would  be  quite  the  reverse 
of  efficient  in  a  helicopteric  fan.     Another    feature  which  he 


MECHANICAL   FLIGHT.  257 

wanted  to  mention  was  the  question  of  the  curved  planes.  The 
double  curvature  might  be  a  very  interesting  part  of  a  bird's 
anatomy,  but  he  doubted  its  utility  in  mechanical  flight.  He 
was  afraid  that  the  mathematicians  were  indulging  in  a  display 
of  their  knowledge  of  the  Greek  alphabet  in  order  to  find 
expressions  for  devices  that  would  not  have  any  useful  effect. 
He  predicted  that  double  curved  planes  would  never  come  into 
general  use,  and  lie  based  his  prediction  on  certain  experiments 
he  made  a  few  years  ago  on  centrifugal  pumps.  He  (lesigned  a 
centrifugal  pump  as  nearly  as  lie  could  to  tlie  best  accepted 
mathematical  formula,  but  as  it  did  not  answer  his  expectations 
he  threw  mathematical  formulae  on  one  side,  and  did  the  work 
in  his  own  way,  and  obtained  an  efficiency  far  in  excess  of 
anything  that  had  previously  been  done.  If  they  tried  to 
construct  a  flying  machine  on  these  pretty  curves  they  would 
get  into  a  pretty  mess. 

In  the  experimental  work  which  he  carried  out  long  ago, 
and  descriljed  in  the  lecture  already  referred  to,  he  discovered 
that,  in  order  to  get  stability,  they  must  have  two  sets  of  planes, 
and  they  must  have  more  than  tlie  width  of  the  planes  between 
tlie  two  sets.  He  was  convinced  that  there  should  be  at  least 
twice  and  probably  three  times  tlie  width  of  one  plane  between 
the  forward  plane  and  the  rear.  Most  people  had  been  trying 
to  make  the  planes  on  a  straight  horizontal  line.  He  did  not 
think  that  was  quite  the  way. 

With  regard  to  the  construction  of  these  machines,  it  had 
always  been  a  surprise  to  him  that  there  was  one  action  of  a 
bird  which  had  not  been  utilised,  and  he  attributed  its  absence 
to  want  of  care  in  observation  of  how  a  bird  steered  itself.  H' 
they  had  carefully  noticed  an  old  crow  flying  across  a  held,  they 
would  liave  found  that  when  the  crow  wanted  to  turn  he  twisted 
his  tail.  There  was  a  double  action  in  the  tail  of  a  bird — not 
only  a  lifting  and  depression  for  the  up  and  down  steering,  but 
the  sideways  movement  was  produced,  not  only  by  a  more 
powerful  stroke  with  tne  right  or  left  wing,  as  the  case  might 
l)e,  Vmt  als(j  by  the  twist  of  the  tail,  one  corner  l)eing  lifte<l 
when  the  otlier  was  lowered.  This  was  a  little  but  important 
feature  which  he  had  never  seen  noticed  by  anyone,  and  which 
could  be  easily  and  successfully  ai)plied  to  the  steering  of 
aeroplanes.  He  had  given  an  experimental  illustration  of  this 
in  his  lecture  of  over  thirty  years  ago.  At  the  rear  of  his 
double  plane  glider  he  had  a  little  horizontal  rudder,  and  by 
simply  twisting  it  to  right  or  left,  and  without  altering  the  set 
of  the  planes,  tlu;  glider  could  be  made  to  turn  in  any  desireil 
dii-ection. 

Although  the  })aper  assumed  to  include  all  the  points  it  was 
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necessary  to  consider  in  designing  a  simple  type  of  flying 
machine,  there  was  a  serious  omission  :  it  was  stated  that  the 
laws  of  hydrodynamics  applied  to  aerodynamics.  Now  water  was 
practically  incompressible,  and  air  most  elastic,  and  its  elasticity 
is  of  primary  importance  in  the  matter  of  aerial  navigation. 

It  was  all  very  well  to  deal  with  the  problem  of  flight  from 
the  academic  standpoint,  but  the  practical  phase  of  it  was  of 
equal  importance,  and  in  that  the  human  element  had  to  be 
considered.  They  might  argue  from  the  weight  of  a  man  and  the 
strength  of  material,  discuss  the  curves  and  the  sections,  the 
shapes  of  blades,  and  the  width  and  length  of  aeroplanes,  get 
equations  and  formulae  for  every  imaginable  condition,  but 
would  that  enable  a  man  to  manage  a  machine  ?  As  an 
example,  take  the  art  of  skating.  It  would  be  quite  easy  to 
formulate  fully  on  the  subject,  we  have  more  certain  data  at 
our  disposal,  but  would  all  the  mathematics  in  the  world  enable 
a  man  who  had  never  tried  before  to  cut  a  perfect  figure  of 
eight  ?  Just  the  same  with  billiards :  one  man  might  be  able 
to  calculate  perfectly  the  force  of  the  blow,  the  angle  of  inci- 
dence, etc.,  but  never  score,  whilst  his  opponent,  who  knew 
nothing  about  such  things,  could  get  the  balls  into  any  pocket 
he  liked.  Take  a  motor  car  firm  on  its  four  wheels,  and  only 
the  ups  and  downs  and  curves  of  the  road  to  deal  with,  yet  what 
motorist  would  trust  his  40-H.P.  car  to  the  guidance  of  a  man 
who  had  never  driven  one  before  ?  The  human  element  must 
be  considered,  and  if  flying  is  to  become  a  pastime,  a  machine 
must  be  constructed  that  can  fly  slowly,  or  how  is  the  ordinary 
man  to  learn  ?  In  addition  to  pluck  he  must  have  skill  and 
practice  before  he  can  "dare  the  headlong  plunge  through 
eddying  gulfs  of  air." 

The  Secretary  had  given  him  permission  to  exhibit  some  of 
the  diagrams  which  he  made  over  thirty  years  ago  to  illustrate 
the  lecture  already  referred  to.  They  were  painted  by  his  own 
hand,  when  he  was  considering  the  question  of  flight.  He 
would  call  attention  to  the  wind  table  of  the  Smithsonian  Insti- 
tute, which  gave  useful  data  relative  to  the  speed  and  pressure 
of  wind  when  considering  the  matter  from  an  engineering  stand- 
point. The  centre  figure  at  the  top  represented  a  man  who 
tried  to  fly  by  constructing  an  apparatus  in  imitation  of  a  bird's 
wing,  and  the  sequence  was  ignominious  failure.  Above  the 
figure  a  diagram  indicated  the  size  of  the  wings  that  would  be 
required  to  support  a  man  if  he  had  muscular  energy  enough 
to  work  them.  The  other  diagrams  illustrated  birds  in  fliglit. 
One  was  a  representation  of  an  eagle  grappling  with  a  stork  in 
mid-air,  and  showed  what  birds  could  do  when  they  quarrelled. 
Another  diagram  illustrated  a  vulture,  a  Satanic  bird,  who,  after 
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gorging  on  some  dead  carcase,  had  to  mount  heavenward  again, 
and  was  therefore  provided  with  broad  and  powerful  wings. 
Starting  fully  loaded  from  the  earth  required  wings  of  quite  a 
different  type  from  those  of  swallows. 

It  would  be  noticed  that  swallows,  swifts,  and  sand-martins, 
when  they  started  their  flight,  always  made  a  downward  move- 
ment first.  It  was  that  downward  swoop  which  emphasised  in 
his  mind  the  necessity  of  a  downward  swoop  at  the  commence- 
ment of  mechanical  flight,  which  gave  a  sudden  air  pressure 
underneath,  causing  a  rebound  that  produced  the  required  speed 
and  Ijuoyancy. 

This  brought  him  to  another  point  in  the  paper.  He  could 
not  accept  the  statement  that  tlie  power  required  for  increasing 
speed  was  relative  to  the  cube  of  the  speed.  He  might  be 
mistaken,  but  he  felt  that  there  must  be  somethinor  wronj]:  in  the 
mathematics,  for  swallows  might  be  seen  any  summer  evening 
fluttering  and  skimming  about,  twisting,  turning,  and  catching 
flies  and  travelling  at  not  more  than  6  or  7  miles  an  hour,  and 
yet  on  their  homeward  journey  in  the  autumn  they  travelled  for 
hundreds  of  miles  in  one  long  flight  at  a  speed  of  70  or  80  miles 
an  liour.  If  the  power  for  the  increase  of  speed  was  the  cube  of 
tlie  speed,  where  would  be  the  horse-power  in  the  poor  little 
breast  of  that  dear  little  bird?  It  could  not  be.  Nature  was 
against  it,  and  therefore  let  the  author  try  to  correct  the  mathe- 
matics on  that  point. 

Another  illustration  was  that  of  the  kestrel  hawk,  and  when 
he  unearthed  his  diagrams  from  the  dust  of  years,  he  could  not 
help  a  feeling  of  pride  at  the  handiwork  of  his  younger  days. 
The  possibility  of  being  able  to  hover  in  the  air  or  to  proceed 
slowly  was,  to  his  mind,  the  crux  of  the  whole  question,  and 
the  one  which  must  be  satisfactorily  solved  if  aerial  navigation 
was  to  become  a  reasonable  pastime  or  of  any  commercial  use. 
They  must  be  al)le  to  go  slowly  when  they  wislied  if  they  were 
to  travel  saiely  in  the  air. 

Major  Baden  Powell  congratulated  the  author  and  the 
Society  on  the  way  in  which  the  subject  had  been  brought 
forward,  for  he  felt  that  it  was  a  matter  which  had  been  sadly 
neglected  by  Britisli  engineers.  He  was  sure  that  if  more 
engineers  had  taken  an  interest  in  the  subject  some  years  ago, 
they  would  now  have  had  in  England  machines  quite  as  good 
as  those  which  were  to  l)e  found  in  France  and  America.  He 
lioped  that  the  subject  might  be  pushed  on  so  that  Kngland 
might  not  V)e  behindhand  in  the  matter. 

With  regard  to  the  classification  of  types  of  machines,  he 
thought  that  it  was  rather  a  mistake  to  define  the  kinds  of 
machines  too  clearlv,  and   to   sav   that  tliey  miglit  be  divided 
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into  three  classes.  He  could  name  an  apparatus  for  flying  in 
the  air  which  certainly  could  not  be  included  in  either  of  the 
tliree  types  mentioned  in  the  paper. 

One  of  the  first  flying  machines,  which  he  had  seen  about 
25  or  30  years  ago,  was  such.  It  was  a  well-designed  machine 
in  its  way,  and  was  quite  a  type  of  its  own.  There  was  a  pro- 
peller set  at  an  angle  of  about  45°,  so  that  it  was  a  sort  of  cross 
l3etween  what  was  now  called  a  helicoptere  and  an  aeroplane. 
Then,  again,  they  knew  that  Hargrave  in  Australia  made  a 
model  which  was  practically  an  aeroplane  propelled  by  beating 
wings,  and  it  seemed  to  be  very  efficient.  There  were  aeroplanes 
which  were  fitted  with  propellers  to  lift  them  directly  off  the 
ground,  and  which  had  a  screw  propeller  behind  to  drive  them 
along.  So  there  were  very  often  machines  which  did  not  come 
exactly  under  either  of  the  three  classifications,  but  were  com- 
binations of  different  kinds.  The  very  word  '^  aeroplane  "  was 
coming  to  be  misused.  Persons  talked  of  an  aeroplane  as  a 
machine  of  a  certain  type.  It  seemed  absurd  to  say  that  So- 
and-so's  aeroplane  had  two  superposed  aeroplanes,  one  in  front 
and  another  behind,  and  so  on.  At  present  they  had  not  got  a 
name  which  exactly  suited  such  machines.  Various  names  had 
been  suggested,  and  doubtless  in  time  they  would  get  one  which 
would  show  exactly  what  was  meant. 

In  speaking  of  propellers,  the  author  had  mentioned  that  a 
propeller  tended  to  surround  itself  with  a  vortex  of  air.  He 
(the  speaker)  was  not  quite  sure  what  the  author  meant  by  that 
expression,  but  presumably  he  meant  that  there  was  some  circular 
action  set  up  in  the  air  round  the  propeller.  He  (the  speaker) 
had  been  making  certain  experiments  with  aerial  propellers 
lately,  and  some  careful  tests  as  to  the  action  of  air  round  the 
propeller  while  it  was  stationary.  It  seemed  that  there  was 
almost  a  calm  all  round  the  front  of  the  propeller,  whereas 
directly  behind  it  there  was  a  distinct  column  of  air  moving 
back  in  a  cylindrical  form.  Close  to  that  column  of  air  were  a 
number  of  little  eddies,  while  the  column  itself,  though  it  might 
go  slightly  in  a  spiral  direction,  had  not  at  all  a  pronounced 
effect  in  that  way.  Of  course,  he  was  talking  of  one  particular 
kind  of  propeller ;  others  might  have  different  effects,  but  the 
column  of  air  moved  off  very  nearly  in  a  horizontal  line.  He 
had  often  wondered  why  it  was  that  there  was  not  a  more 
pronounced  current  rushing  into  the  opposite  side  of  the  pro- 
peller, the  intake  side.  It  was  scarcely  noticeable.  He  did  not  say 
that  til  ere  was  no  current,  but,  compared  with  the  rush  of  air 
from  the  off  side  of  the  propeller,  it  was  comparatively  nothing. 

It  would  be  interesting  to  know  from  what  source  the  author 
crot  his  statement  that  the  propeller  gave  a  thrust  of  from  40  to 
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60  pounds  per  H.P.  He  thought  that  such  a  thrust  was  very 
unusual.  Many  practical  experiments  had  been  made  in  which 
a  thrust  of  from  5  lb.  to  7  lb.  was  about  as  much  as  could  be 
got.  Mr.  Sidney  Hollands,  who  was  present,  claimed  to  have 
got  a  much  greater  thrust,  and  would,  no  doubt,  tell  tliera 
something  about  it,  but  he  (Major  Baden  Powell)  could  not  help 
tliinking  that  anything  over  20  lb.  was  exceptional. 

He  should  like  to  ask  whether  the  speed  of  the  plane 
travelling  through  the  air  affected  tlie  shifting  forward  of  the 
centre  of  pressure.  It  seemed  probable  that  it  was  so,  for  a 
number  of  reasons,  but  he  did  not  know  that  any  actual  test 
had  been  made  with  regard  to  it.  Joessel  and  others  had  made 
experiments  with  inclined  planes  and  found  that  the  centre  of 
pressure  shifted  forward  according  to  the  angle.  The  less  tlie 
angle  tlie  more  it  shifted  forward,  but  he  (Major  Baden  Powell) 
was  inclined  to  think  that  when  the  speed  of  the  aeroplane 
was  increased  the  shifting  forward  of  the  centre  of  pressure  was 
affected. 

As  the  last  speaker  had  said,  the  mathematical  side  of  the 
question  was  one  of  great  difficulty,  and  at  present  they  were 
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hardly  able  to  put  the  pressure  on  a  plane  with  an  inclined 
surface  into  a  coiTect  mathematical  formula.  But  wlien  it  came 
to  a  curved  surface,  they  knew  very  little  about  it.  In  most  of 
the  actual  machines  it  was  not  merely  that  they  had  a  curved 
surface,  but  they  very  often  had  complicated  curves — not  only 
fore  and  aft  curves,  but  sideways  curves  which  affected  the 
whole  ([uestion,  and  it  seemed  almost  impossil)le  to  calculate 
matliematically  what  the  pressure  on  the  })lane  would  l)e. 
Several  experiments  with  a  curved  surface  had  proved  that  if 
the  chord  of  the  curve  were  absolutely  horizontal,  and  it  were 
placed  in  a  current  of  air  or  driven  through  the  air,  it  would 
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receive  an  upward  lift,  but  he  thought  that  this  had  never  been 
gone  into  mathematically,  and  could  not  at  present  be  explained 
satisfactorily. 

Mr.  Holroyd  Smith  had  spoken  of  the  stability  of  a  plane 
surface.  If  one  took  a  piece  of  paper  and  weighted  it  so  as  to 
get  the  centre  of  gravity  in  the  right  place,  it  would  glide  to  a 
certain  distance,  but  the  least  thing  would  upset  it.  It  was 
evidently  very  delicately  balanced.  But  if  they  split  the  surface 
up  into  a  number  of  separate  surfaces  they  would  get  a  much 
better  result.  Nor  did  it  depend  entirely  on  the  distance  apart 
of  the  surfaces.  If  a  sheet  of  paper  were  cut  out  as  shown  in  the 
sketch  and  suitably  weighted  at  A,  it  would  be  found  to  be  much 
more  stable  than  a  plain  sheet  of  paper  of  equal  size,  although 
the  planes  in  that  case  were  almost  touching  one  another. 

Mr.  Sidney  Hollands  said  that,  as  Major  Baden  Powell 
had  referred  to  him,  he  felt  called  upon  to  say  a  word  or  two, 
but  he  was  really  not  prepared  to  speak.  In  the  first  place,  he 
heartily  endorsed  Major  Baden  Powell's  remarks  as  to  the 
extravagant  claims  made  for  thrust  obtained  with  various  types 
of  propellers.  Some  years  ago  he  made  quite  an  exhaustive 
series  of  tests  with  a  host  of  propellers  of  the  same  diameter,  but 
of  different  types,  forms  of  blade,  and  different  degrees  of  cross- 
sectional  curvature  of  blades  and  pitch.  He  made  a  series  of 
tests  with  six  blades,  then  with  four  blades,  then  with  three,  and 
finally  with  two,  and  he  found  the  two-blade  type  was  the  most 
efficient.  He  tried  with  two  blades  of  the  broad-tipped  types 
and  of  the  narrow-tipped  types,  and  he  found  that  the  narrow- 
tipped  blade  was  the  more  efficient ;  that  is  to  say,  if  the  tip  was 
one-third  the  width  of  the  root  and  the  pitch-angle  was  30°  at 
the  root,  and  15'^  at  the  point,  giving  a  mean  pitch-angle  of  22^'' 
he  got  the  best  results.  Witli  that  type  of  propeller,  6  ft.  in 
diameter,  he  got  a  maximum  thrust  of  26^  lb.  per  H.P.  when 
relatively  small  power  was  applied,  and  from  that  there  was 
very  little  falling  off'  when  greater  power  was  applied  to  it.  In 
fact,  he  got  nearly  20  lb.  per  H.P. 

Mr.  S.  F.  Cody  said  that  the  paper  had  hiterested  him 
very  much.  He  was  not  a  trained  mechanical  engineer.  He 
was  a  raw  Western  cowljoy,  but  he  was  in  their  midst  as  a 
scientific  aeronautical  experimenter  without  any  training  what- 
ever. The  propeller  question  was  a  very  interesting  one  to  him. 
He  was  always  searching  for  something  that  was  good,  and  the 
good  that  he  found  was  placed  at  the  disposal  of  the  British 
Government,  which  he  served  at  the  present  time.  He  had  made 
many  experiments  with  propellers.  He  believed  that  the  last 
speaker,  Mr.  Hollands,  claimed  that  a  propeller  with  a  small  top 
and  large  at  the  boss  end  was  the  best.     That  was  the  type  of 
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propeller  that  he  designed  for  the  dirigible  bcallooii  which  they 
used  last  year  at  Aldershot,  but  he  had  a  very  hard  job  to  get  it 
taken  on.  Nobody  would  believe  that  he  was  sound  in  putting 
the  big  end  of  the  propeller  in  and  the  little  end  out.  He  knew 
nothing  about  the  mathematical  reckoning  in  the  ])aper,  but  he 
had  managed  to  build  a  machine  from  his  own  ideas  right  through, 
and  it  did  fly  in  England,  and  it  was  the  first  to  do  so.  This 
only  showed  what  a  raw  cowboy  might  do  if  he  gave  his  mind 
to  it,  and  a  raw  Englishman  could  do  the  same  if  he  had  a  deter- 
mination to  study  hard. 

The  Antoinette  engine  had  been  referred  to.  That  was  his 
pet  engine.  It  was  good  and  light,  and  he  had  always  got  good 
work  from  it  and  had  never  had  any  trouble  with  it.  All  he 
had  to  do  was  to  give  one  turn  to  switch  on  the  ignition.  The 
engine  was  a  very  good  one,  and  he  had  tested  propellers  from 
it  to  a  very  great  extent.  He  had  never  obtained  more  than 
12  lb.  per  H.P.  out  of  the  Antoinette.  He  knew  that  with  a  small 
electro-dynamo  he  could  get  20  or  30  lb.  per  H.P.  with  a  J  H.P. 
motor.  But  wlien  it  came  to  getting  a  high  power,  somehow 
they  lost  efficiency.  He  did  not  know  what  the  reason  was. 
It  was  the  same  with  a  ship.  A  ship  would  travel  40  knots 
with  a  certain  H.P.,  but  if  they  had  eight  times  the  H.P.  they 
would  not  get  320  knots  out  of  the  engine.  He  had  chains  to 
put  on  his  machine.  He  had  had  them  for  a  long  time,  but  he 
was  afraid  of  chains.  The  chains  were  liable  to  break  and  cause 
a  mishap.  It  was  said  that  a  propeller  would  break.  He  did 
not  know  which  would  break  first.  He  was  afraid  of  chains, 
although  he  hoped  to  go  out  in  ten  days  with  chains  on  his 
machine,  but  he  would  prefer  to  stay  near  the  ground.  The 
upset  that  he  had  a  little  while  ago  was  caused  through  ^v»ing 
over  a  clump  of  trees,  with  the  wind.  He  only  got  one-half  of  the 
machine  over  the  trees,  when  an  eddy  of  wind  gave  him  an  enor- 
mous lift  on  one  side.  Then  the  idea  occurred  to  him  to  turn 
round,  and  it  simply  brought  one  of  the  ends  downwards,  and  the 
machine  tumljled  to  the  ground.  There  was  no  fall  or  spill  of 
any  kind,  it  was  merely  a  bad  descent  by  striking  one  wing. 
Tliere  was  no  excitement  at  all.  These  machines  would  break 
when  they  landed,  if  they  did  not  land  on  the  right  part. 

He  should  like  very  much  to  know  where  he  ccndd  obtain 
those  good  propellers  that  would  give  18  lb.  thrust  per  H.P., 
using  50  H.P.  and  not  allowing  the  propellers  to  weigh  more 
than  35  lb.  Of  course,  if  they  made  a  juopeller  weighing  lUO  lb. 
it  would  travel  slowly,  and  it  would  not  do  on  a  machine  of 
that  description.  He  was  quite  prepared  to  give  a  diameter  of 
10  ft.,  and  as  high  as  18  lb.  for  the  propeller.  He  should  very 
much  like  to  put  the  propeller  of  any  inventor  on  the  Govern- 
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ment  machine  and  use  it  there,  and  the  inventor  might  have  it 
back  again  if  he  wanted  it,  but  he  would  prove  whether  the 
propellers  were  efficient  ones.  He  would  not  pay  him  anything 
for  them,  but  lie  could  try  tlie  War  Office  and  see  what  he  could 
get,  or  it  would  be  a  recommendation  to  him  on  another  market. 
He  (Mr.  Cody)  would  make  that  offer.  He  knew  it  was  very 
hard  to  test  a  propeller  moving  through  the  air,  but  he  was 
inclined  to  try. 

There  was  the  question  of  curvature  of  the  surface  of  aero- 
planes. An  aeroplane  with  a  flat  surface  would  be  of  very  little 
use.  He  thought  that  the  brothers  Wright  and  Professor 
Langley  had  shown  them  almost  the  ideal  curve  for  lifting. 

The  top  part  of  the  aeroplane  or  curve  should  be  as  smooth 
as  the  bottom  part,  or  smoother.  This  fact  he  proved  when  he 
put  on  the  propeller  arm  riveted  to  the  front  edge  of  the  pro- 
peller and  not  the  back — the  inner  surface,  the  part  they  were 
pushing  with.  He  did  not  know  anybody  who  had  ever  done 
that  before.  He  riveted  his  branch  upon  that,  and  he  took  two 
propellers  exactly  alike  and  riveted  the  branch  on  the  front  of 
one  and  on  the  back  of  the  other,  or  he  simply  took  one  propeller 
and  bent  it  round  to  the  same  curvature  the  other  way  but  all 
made  alike,  and  the  one  with  the  clump  on  the  front  pulled  the 
most.  This  proved  that  the  propeller  surface  was  exactly  like 
the  aeroplane  surface. 

As  to  the  question  of  the  bird  steering  himself  with  his  tail, 
that  might  be  tested  on  London  Bridge  by  watching  the  seagulls. 
They  had  a  little  tail,  and  they  did  not  use  their  tail  very  much, 
but  they  twisted  one  wing  downwards  or  vice  versa.  That  was 
the  way  that  he  obtained  the  balance  of  his  kite  when  he  first 
started  kiting :  by  twisting  the  wing  of  the  kite.  That  was  the 
method  adopted  by  Sir  Hiram  Maxim,  and  he  believed  that  was 
the  greatest  advantage  of  the  propeller  to-day.  He  had  used 
this  for  fifteen  years.  He  did  not  patent  it,  but  he  illustrated 
it  in  a  diagram  in  his  patent,  but  he  did  not  say  anything  about 
it  because  he  did  not  wish  to  divulge  it  to  the  country's  enemies. 
Now,  liowever,  Wright  liad  patented  it,  to  prevent  anybody  else 
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Mr.  Sidney  H.  Hollands  said  that  he  might  be  allowed  to 
remark  Ihat  lie  designed  his  propeller  over  twelve  years  ago  and 
obtained  his  results  at  that  time.  He  might  further  remark  that 
lie  was  quite  prepared  to  su])})ly  a  propeller  that  would  do  what 
Mr.  Cody  recjuired.  As  to  the  conditions  stated  by  that  gentle- 
man, he  thought  that  they  needed  to  be  revised. 

Mr.  S.  F.  Cody  said  that  he  might  answer  that  by  saying  that 
he  designed  his  propeller  u])  at  the  Crystal  Palace  first  before  he 
went  to  the  War  Office.     That  was  about  three  years  ago.     He 
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had  no  knowledge  of  anybody  else  ever  designing  the  propeller 
before.  The  idea  struck  him  as  a  practical  one  some  twelve 
years  ago,  when  he  was  a  cowboy.  He  was  not  a  mechanical 
engineer  at  all,  and  he  did  not  copy  Mr.  Hollands'  propeller, 
though  Mr.  Hollands  may  have  been  first  with  this  typtM)f  blade. 

Col.  Fullerton,  R.E.  said  that  the  first  point  he  wished  to 
draw  attention  to  was  the  question  of  air  friction.  Professor 
Zahm  and  other  experimenters  stated  that  the  friction  of  the 
air  was  very  considerable,  while  Sir  H.  Maxim  and  Professor 
Langley  considered  that  it  hardly  existed.  Such  a  diftercnce  of 
opinion  was  somewhat  difficult  to  account  for,  l)ut  it  seemed 
possible  that  the  large  amount  of  friction  found  by  Professor 
Zahm  was  due  more  to  the  head  resistance  of  the  bodies  experi- 
mented with,  than  the  actual  force  exerted  by  the  air  on  their 
sides.  The  bodies  were  not  really  fair  .^hfqnd,  mid  in  such  cases 
it  was  very  difficult  to  distinguish  between  the  real  air  I'riction, 
and  the  aerodynamic  resistance  ol"  the  l)odies.  Further  experi- 
ments on  air  friction  were  much  required. 

Next  as  regarded  the  "centre  of  pressure."  It  seemed  to 
him  that  this  was  rather  a  complicated  question,  Ijecause  the 
term  was  used  to  mean  two  quite  different  points,  viz.  the  point 
where  the  line  of  action  of  the  air  force  cut  the  surface  under 
consideration,  and  also  the  point  where  the  resultant  of  all  the 
air  forces  acting  on  the  surfaces  met.  The  latter  was  the  correct 
definition,  as  if  the  surface  had  an  appreciable  thickness,  it  was 
difficult  to  say  exactly  where  the  line  of  action  of  the  air  force 
struck  it.  He  mentioned  that  he  had  made  a  number  of  ex[)eri- 
ments  concerning  the  Y)osition  of  the  centre  of  pressure  some 
years  ago,  and  found  that,  with  certain  kinds  of  curved  surfaces, 
the  centre  of  pressure  always  remained  in  the  same  place,  for  all 
angles  of  inclination  between  +lo°  and  —15°.  With  bodies, 
the  results  were  very  similar,  but  there  was  a  slight  change  of 
position  as  regards  the  vertical  plane  perpendicular  to  the  longer 
axis  of  the  bodies,  and,  in  designing  such  forms,  it  would  be 
necessary  to  allow  for  this. 

Then  as  regards  the  ratio  of  lift  to  thrust,  he  thought  the 
author  was  rather  pessimistic,  in  putting  it  at  3  or  4  to  1. 
Twenty  years  ago  Mr.  Horatio  Phillips  and  Sir  H.  Maxim  got 
5  to  1,  the  Messrs.  Wright  now  get  about  G  to  1,  and  Mr.  Weiss 
appeared  to  do  better  still.  He  did  not  want  to  suggest  too 
hvAi  a  firrure,  but  he  thouj^lit  that  a  machine  in  which  the  ratio 

coo 

of  lift  to  thrust  was  less  than  o  to  1,  was  hardly  worth  consider- 
ing. As  regards  the  thrust  of  propellers,  he  must  say  that  he  was 
rather  staggered  at  the  estimate  of  40  lb.  ])er  P.H.P.  He 
believed  that  Sir  H.  Maxim  and  Mr.  H.  Phillips  had  got  about 
7  lb.  or  so,  and  that  the  Messrs.  Wright  had  got  nearly  16  lb., 
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and  this  latter  amount  appeared  to  be  as  mucli  as  could  be  safely 
allowed  for.  Assuming  this  view  'to  be  correct,  the  weight 
carried  per  B.H.P.  would  be  about  80  lb.,  which  was  more  than 
had  yet  been  accomplished. 

As  regards  longitudinal  stability,  he  considered  that  the 
experiments  he  had  lately  made,  showed  that  automatic  stability 
was  apparently  quite  feasible.  The  balance  of  a  machine  really 
depended  on  the  good  design  of  its  different  parts,  and  the  pro- 
vision of  complicated  regulating  planes,  gyroscopes,  etc.,  was 
quite  unnecessary. 

Mr.  E.  V.  Hammond  said  that  they  had  heard  statements 
from  several  speakers  as  to  the  high  thrust  per  H.P.  which  had 
been  obtained  by  various  types  of  screw  propeller. 

The  experimenters  stated  that  they  had  used  some  4  or  5 
H.P.  to  rotate  the  screw,  and  had  obtained  thrusts  of  about 
25  lb.  per  H.P.  This  might  be  correct  for  the  H.P.  employed, 
but  it  was  known  that  the  H.P.  absorbed  by  a  plane  surface 
massing  through  the  air  increased  as  the  cube  of  its  velocity, 
and  therefore  these  high  thrusts  would  fall  to  about  14  or  15  lb.  per 
H.P.,  when  the  same  propeller  was  coupled  to  a  50  H.P.  engine. 

Most  of  these  tests  had  been  carried  out  with  the  propeller 
stationary,  but  when  an  aeroplane  was  in  full  flight,  the  air 
flowed  off  the  back  of  the  propeller  at  the  speed  at  which  the 
machine  was  travelling,  plus  the  displacement  of  the  propeller 
itself.  For  this  reason,  the  efficiency  of  a  propeller  under 
working  conditions,  fell  still  more  ;  and  would  probably  result 
in  a  total  thrust  of  some  10  lb.  per  H.P. 

Mr.  Howard  T.  Wright  said  that  he  had  listened  with 
very  great  pleasure  to  Mr.  Chatley's  valuable  paper.  He  felt 
sure  that  if  every  one  about  to  construct  an  aeroplane  would 
study  the  paper,  and  act  on  its  suggestions,  he  would  be  saved 
a  great  deal  of  disappointment.  About  50  per  cent,  of  the 
machines  which  had  been  brought  to  him  recently  had  not 
the  slightest  chance  of  flying,  because  they  were  based  upon 
principles  contrary  to  natural  laws,  and  not  a  few  persons  tried 
to  introduce  their  old  friend  "  perpetual  motion "  into  the 
aeroplane,  although  they  would  probably  repudiate  the  sugges- 
tion that  they  intended  to  do  so.  He  quite  agreed  with  the 
author  that  further  research  was  necessary,  although  lie  might 
differ  from  liim  as  to  what  direction  it  should  take.  If  the 
clubs  which  were  devoted  to  this  branch  of  engineering  would 
devote  their  funds  to  encouraging  research  rather  than  to  social 
or  even  practical  considerations,  the  matter  would  be  further 
advanced.  He  thought  that  research  would  be  best  carried 
out  by  the  amalgamation  of  two  gentlemen,  one  a  scientific 
mathematician,  and  the  other  a  purely  practical  man  who  had 
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had  some  experience  of  flying  machines.  Many  of  the  formuliB 
were  quite  vahieless  because  they  had  been  carried  out  by 
scientific  men,  and,  though  they  might  Ije  perfectly  accurate, 
they  were  of  very  little  use. 

There  was  a  great  deal  of  confusion  on  the  (jucstion  of 
propellers.  He  was  particularly  pleased  with  the  first  part  of 
the  author's  remarks.  If  everyone  would  tlioroughly  under- 
stand the  marine  propeller  before  commencing  to  design  an 
air  propeller,  and  would  learn  the  difference  between  an  air 
fan  and  an  air  propeller,  better  results  would  be  got.  Doubt- 
less, there  was  confusion  in  measuring  the  thrust  of  a  fan, 
owing  to  the  fact  that  it  was  generally  measured  when  the  fan 
was  stationary.  In  Wright's  machine  they  were  told  that 
there  was  an  efficiency  of  70  per  cent.  In  the  Farman  machine 
there  was  probably  50  per  cent.,  and  in  an  Esnault  Pelterie 
machine  that  he  had  seen  at  work,  there  was  an  efficiency  of 
80  per  cent,  when  the  machine  was  travelling  at  its  correct 
speed.  If  a  propeller  was  designed  for  one  speed,  it  was  right 
for  that  speed.  Aero-propellers  could  probably  be  designed  to 
give  a  slip  of  15  per  cent.,  and  with  that  there  should  be  no 
difficulty  in  getting  80  per  cent,  efficiency.  In  the  machine 
that  he  was  building  there  were  (juite  enough  points  to  consider 
without  bothering  about  propellers,  so  he  simply  went  to  a 
company  and  said,  "  Give  me  one  of  your  80  per  cent,  efficient 
propellers."     And  they  did  this  for  20/.,  and  guaranteed  it. 

In  reference  to  stability,  it  would,  of  course,  be  interesting 
to  know  exactly  where  the  horizontal  centre  of  pressure  occurred, 
but  he  was  sure  that  it  was  possible  to  design  a  machine 
witliout  knowing  exactly  where  this  point  was. 

The  author  had  made  no  reference  to  vertical  centre  oi 
pressure,  and  it  would  be  interesting  to  know  whether  he  had 
any  formula  for  it.  Of  course,  it  would  be  very  complicated, 
because  one  had  to  take  into  consideration  wind  resistance  and 
various  other  points.  The  propeller,  of  course,  must  be  placed 
on  tlie  vertical  centre  of  pressure.  They  had,  no  doubt,  noticed 
the  great  difference  in  the  relative  positions  of  the  propellers  in 
Farman's  and  Wri'dit's  machines.  In  Wright's  machine  it 
was  almost  exactly  half-way  between  the  two  planes,  and  in 
Farman's  machine  it  was  very  near  the  lower  plane. 

A  point  of  extreme  importance  to  which  the  author  had  not 
referred  was  the  question  of  mechanical  strength.  He  thought 
that  ([uite  75  i)er  cent,  of  the  failures  in  aiToplane  construc- 
tion were  owing  to  their  lack  of  mechanical  strength.  Some 
machines,  if  they  did  not  really  l)reak,  became,  at  least,  so 
deformed,  that  the  beautifully  calculated  curves  were  worse 
than  useless. 
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There  was  another  extremely  important  point  for  beginners 
learning  to  fly.  One  had  to  learn  to  fly  just  as  one  had  to  learn 
to  ride  a  bicycle  or  to  skate.  The  difficulty  was  that,  as  most 
machines  were  constructed,  it  was  impossible  to  learn  liow  to 
fly  until  one  got  into  the  air.  In  all  the  machines  that  he  was 
constructing  it  was  possible  to  learn  vertical  and  horizontal 
steering  and  also  lateral  stability,  and  not  only  to  learn  them 
on  the  ground,  but  to  learn  them  separately  so  that,  when  the 
aviator  got  into  the  air,  he  knew  how  to  steer  in  every  direction. 
This  was  a  most  important  point. 

As  to  the  question  of  starting,  he  could  not  understand  the 
author's  remarks  where  he  said,  "  If  a  machine  be  simply  pro- 
pelled along  a  track,  so  soon  as  the  soaring  velocity  is  approached 
the  friction  on  the  ground  becomes  negligible,  and  the  propulsive 
effort  is  uncertain."  Reference  was  evidently  made  here  to 
propelling  machines  along  the  ground  by  means  of  their  own 
wheels.  If  this  was  so,  surely  as  soon  as  the  resistance  of  the 
road  wheels  became  negligible  the  propulsion  was  nil,  and  not 
uncertain.  At  any  rate,  he  had  not  heard  of  any  serious  attempt 
to  propel  an  aeroplane  by  means  of  road  wlieels.  The  propeller 
must  always  be  relied  upon  for  giving  the  initial  velocity. 
Wright  simply  used  the  catapult  for  getting  speed  more  quickly. 
This  was  proved  by  the  fact  that  when  Wright  won  the  prize 
for  high  flight  he  did  not  use  a  catapult,  because  one  of  the 
conditions  of  the  prize  was  that  the  winner  should  use  no  out- 
side help  at  starting.  He  got  over  the  difficulty  by  simply 
increasing  the  length  of  his  starting  rails.  The  author  was  a 
little  wrong  in  the  third  form  of  starting  :  "  Start  from  a  height, 
preferably  down  a  slope,"  and  he  mentioned  Voisin  and  Eoe. 
He  (Mr.  Wright)  did  not  know  that  Roe's  machine  had  yet  risen 
by  its  own  power.  But  it  was  impossible  to  fly  at  all  until  one 
had  sufHcient  propeller  thrust  to  drive  the  machine  not  only 
along  the  level  ground  at  its  soaring  velocity,  but  also  slightly 
uphill,  because,  as  soon  as  the  machine  left  the  ground,  it  really 
ran  uphill.  Unless  there  was  sufficient  thrust  to  get  over  that, 
it  was  impossible  to  fly. 

He  should  like  to  give  a  description  of  an  extremely  inter- 
esting machine  which  he  had  built.  It  was  a  machine  which 
did  not  come  into  either  of  the  three  categories  mentioned  by 
the  author.  It  was,  roughly,  a  large  plane  in  the  shape  of  a 
triangle — a  single  plane  having  600  square  feet  of  area.  The 
base  of  the  triangle  was  the  leading  edge,  and,  at  each  of  the  two 
extreme  corners,  there  was  a  propeller  20  feet  in  diameter, 
running  at  a  speed  of  120  revolutions  per  minute.  10  II. P. 
net  was  applied  at  each  fan  spindle,  and  he  got  a  direct  lift  of 
325  lb.  for  each  fan,  or  650  lb.  on  the  whole  machine.  .  This  was 
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rather  better  than  the  formula  given  by  the  author,  but  it  was 
only  fair  to  say  that  the  propellers  were  very  peculiar.  They 
were  so  arranged  that  on  the  outward  stroke  they  had  an  angle 
of  incidence  of  42°,  and  on  the  inward  part  of  the  stroke  they 
only  had  an  angle  of  12°,  so  that  the  power  was  really  inter- 
mittent. The  inventor's  idea  was  that  the  machine  should  be 
raised  into  the  air,  and  that  when  it  fjot  to  a  certain  heii^lit,  the 
speed  of  the  propeller  would  be  reduced,  and  the  machine  would 
glide  forward  at  its  own  plane,  the  centre  of  gravity  being  well 
in  front.  The  first  machine  weif?hed  1200  lb.  The  liftiufj  effect 
was  only  650  lb.  Another  machine  of  this  type,  which  would 
be  tested  shortly,  had  a  total  weight  of  600  lb.,  including  the 
driver.  Personally,  he  did  not  believe  in  light  motors,  although 
in  this  case  a  motor  was  used  with  a  weight  of  120  lb.  for  30 
B.H.P.  The  fans  were  26  feet  in  diameter,  running  at  75  revo- 
lutions a  minute. 

In  conclusion,  he  would  say  that,  if  there  was  anyone  present 
who  thought  of  building  an  a(*roplane,  he  must  not  have  the  idea 
that  he  could  find  some  new  invention  that  would  solve  the 
problem  in  a  few  minutes.  It  was  only  by  patient  thought  and 
gi'eat  consideration  of  detail  that  it  was  to  be  done.  He  liad 
himself  devoted  twu  years  entirely  to  the  consideration  of  the 
manner  of  constructing  main  planes,  and  the  result  was  that  he 
had  got  an  effect  15  per  cent,  better  than  anyone  else.  And, 
whatever  else  an  inventor  might  do,  he  should  not  stand  at 
Westminster  Bridge  and  watch  the  birds.  He  would  only  ob- 
struct the  traffic,  and  he  would  not  get  very  much  further  in 
that  way.  Someone  had  come  to  liim  the  otlier  day,  and  said 
that  he  had  been  to  Westminster  l>ridge,  and  had  invented  an 
a(*roplane  that  could  do  everything  that  a  bird  could  do  except 
peck  and  eat.  He  (Mr.  Wright)  expressed  his  interest,  and  the 
gentleman  promised  to  let  him  know  ^^'hen  his  model  was  ccmu- 
pleted.  This  was  six  months  ago,  but  he  liad  not  lieard  imytliing 
more  a])0ut  thi;  matter. 

Mr.  F.  J.  Hargreaves  said  tliat  lie  wislied  to  ask  why  the 
author  tliought  that  it  wouhl  he  a  long  lime  ])efore  the  arroplane 
would  be  steady  in  the  wind. 

Mr.  P.  L.  Senecal  coinplinienled  Mr.  Cliatley  on  his  ]>aj)t!r, 
and  said  that  lie  did  not  rely  entirely  upon  mathematical  tbrniula'. 
Navier's  formula  asserted  that  it  required  a  force  of  i»0  H.P.  to 
enable  a  duck  to  fiy,  and  was  accepted  at  the  time  as  a  scientific 
fact,  but  was  now  known  as'M'erreurde  Navier."  This  formula 
had  retarded  aeronautical  work  for  over  a  century.  It  had  been 
proved  over  and  over  again,  that  as  experiment  pi-ogressed  theory 
progressed  with  it.  It  was  ex])eriment  coupled  with  ])erseverance 
and  hard  work  that  had  ae(M)mplished  all  that  liad  been  done  up 
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to  the  present  in  the  science  of  aeronautics.  Experimenters  in 
aviation  persevered  until  at  last  they  evolved  the  glider.  They 
then  learned  to  guide,  balance  and  control  their  gliders  in  a 
satisfactory  manner.  Then  and  not  till  then  did  they  add  the 
motor.  The  result  of  this  dogged  perseverance  was  seen  in  the 
machines  of  tlie  brothers  Wright,  Messrs.  Farman,  Delagrange, 
Bleriot  and  others.  Nearly  40  years  ago  he  became  one  of  the 
original  members  of  the  Aeronautical  Society  of  Great  Britain, 
and  at  that  time  he  made  a  model  of  a  helicoptere  which  was  a 
modification  of  the  flying  bats  now  to  be  seen  in  the  toy  shops. 
When  wound  up  it  ascended  screwing  itself  round  the  room  and 
describing  a  low-grade  spiral  till  it  reached  the  ceiling,  where  it 
rebounded,  dropping  five  or  six  feet  and  ascending  again.  This 
happened  five  times  in  succession.  By  this  time  the  motor 
having  run  out  the  screw  stopped  working,  and  the  machine  laid 
itself  on  the  air,  so  to  speak,  and  glided  downward  round  the 
room  in  the  same  manner  in  which  it  had  ascended.  He  men- 
tioned this  simply  to  show  that  tlie  helicoptere  in  that  form 
could  be  used,  he  believed,  to  rise  from  tlie  ground,  to  travel  at 
an  incline  and  to  travel  horizontally  as  well.  It  would  be  a  very 
simple  machine,  if  they  could  raise  it  from  the  ground,  just  to 
clear  the  grass,  or  glide  at  pleasure  by  merely  stopping  the  motor. 
He  had  made  many  aeroplanes  in  his  time  in  various  forms. 
He  had  made  mechanical  flies  and  birds,  and  other  things  to  fly, 
but  he  had  come  to  the  conclusion  that,  owing  to  the  difficulty 
of  keeping  the  centre  of  gravity  coincident  with  the  centre  of 
pressure — that  was,  of  preserving  stability — it  was  almost  im- 
possible to  keep  the  aeroplane  steady  at  all  velocities  and  in 
all  pressures  of  the  wind.  He  had,  therefore,  designed  a  heli- 
coptere that  would  have  the  centre  of  gravity  in  the  centre  of 
the  machine,  and  a  circular  pressure  around  that  centre  with  a 
shifting  weight  to  alter  the  centre  of  gravity  if  required.  The 
effect  of  this  was  that,  as  soon  as  he  shifted  the  weight  forward, 
the  helicoptere  would  travel  in  the  direction  of  the  weight  and 
the  wind.  If  he  moved  it  further,  it  would  travel  faster  until 
the  weight  overcame  the  pressure  of  the  air  under  the  screws 
(which,  of  course,  should  never  be  allowed),  but  by  shifting  the 
weight  backwards  or  forwards  as  required,  he  could  modify 
the  speed  of  the  machine.  The  small,  compact  and  stable  heli- 
coptere would  eventually  take  the  place  of  the  airship  and 
aeroplane,  because  of  the  unwieldy  bulk  of  the  airship  and 
the  large  dimensions  and  inactive  surfaces  of  the  aeroplane, 
and  also  because  of  the  practical  impossibility  of  maintaining 
equilibrium  in  all  kinds  of  weather.  He  did  not  say  that  the 
helicoptere  would  take  the  form  he  had  just  mentioned.  There 
was  room  for  improvement,  but  here  was  the  foundation  of  a 
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practicable,  reliable  and  stable  aerial  machine.  Two  screws 
working  in  opposite  directions  would  shift  the  weight,  and 
thereby  change  the  direction  of  motion,  and,  by  modifying  the 
distance  of  the  weight  from  the  centre  of  the  machine,  they 
could  travel  at  any  speed  from  1  mile  up  to  60  miles  an  hour, 
or  more. 

He  would  pass  now  to  the  theory  of  Hying.  He  found  that 
it  was  not  necessary  to  have  an  even  surface,  but  the  under 
surface  should  be  rough  ;  it  should  be,  in  fact,  feathers  or  down 
or  velvet,  or  something  of  that  kind,  to  prevent  the  air  from 
escaping  too  quickly  from  under  the  wings,  so  as  to  obtain 
maximum  support.  The  upper  part  of  the  wings  should  be 
perfectly  smooth  to  let  the  air  pass  over  as  quickly  as  possible 
and  offer  the  least  resistance  upward. 

Mr.  Holroyd  Smith  had  spoken  of  a  bird's  tail  twisting  and 
being  useful  for  steering.  He  did  not  believe  in  the  tail  much. 
It  was  evident  that  pigeons  and  sparrows  were  very  frequently 
\nthout  any  tails.  He  did  not  know  that  they  could  not  steer 
themselves  much  more  quickly  without.  Here  was  another 
fallacy  about  the  theory  of  the  speed  of  flies.  Some  years  ago, 
it  was  asserted  that  a  fly,  in  flying,  moved  its  wings  300  to  500 
times  a  second.  He  made  a  very  careful  experiment,  and  found, 
by  the  length  of  the  wings,  that  it  was  impossible  for  a  fly  to 
move  its  wings  at  such  a  rate.  In  the  cold  spring  weather,  they 
might  often  see  bluebottles  flying ;  they  could  just  move  their 
^\dngs,  but  could  not  fly  very  fast.  By  watching  their  wings, 
one  could  count  the  number  of  vibrations,  and  as  it  is  known 
that  the  eye  can  only  detect  13  or  14  vilmitions  per  second,  it 
is  evident  that  the  number  of  strokes  must  l)e  below  that 
number,  and  he  had  sometimes  found  it  as  low  as  8  strokes 
per  second.  When  the  fly  was  alarmed  it  would  travel  faster, 
and  in  the  warm  sunshiny  weather  one  could  not  seethe  strokes, 
because  the  fly  moved  its  wings  too  rapidly. 

He  had  destroyed  the  natural  balance  of  a  number  of  flies 
by  stopping  the  vibrations  of  tlie  l)alancers,  and  liad  then  re- 
established that  balance  artificially.  He  believed  that  he  was 
the  only  person  who  had  made  tlie  experiment,  but  he  might 
say  that  anything  acting  as  a  drag  behind  the  lly  effectually 
restored  the  artificial  balance  in  the  act  of  flying. 

Tliis  was  an  interesting  subject.  He  found  that  the  vibra- 
tion of  the  wings  of  a  fly  was  the  same  as  the  action  of  two 
screw  propellers  working  in  opposite  directions. 

He  hoped  that  tlie  paper  and  the  discussion  which  had 
followed  it  luight  bring  practical  and  theoretical  men  together. 
If  this  discussion  had  taken  ])lace  forty  years  ago,  when  the 
Aeronautical  Society  was  founded,  they  would  not  now  have  to 
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deplore  that  England  was  ten  years  behind  other  countries  on 
these  subjects, 

Mr.  G.  L.  O.  Davidson  said  that  he  was  afraid  that  what 
he  had  to  say  might  be  somewhat  in  the  nature  of  a  bomb.  He 
had  been  studying  mechanical  flight  for  nearly  twenty-five  years, 
so  that  he  might  be  considered  as  knowing  just  a  little  about  it. 
Twenty-fi\'e  years  ago  people  who  believed  in  mechanical  flight 
were  considered  lunatics,  but  now  all  this  had  been  altered,  and 
it  was  gratifying  to  find  the  subject  being  discussed  by  the 
Society  of  Engineers.  It  was,  he  thought,  a  subject  which  ought 
to  be  approached  by  engineers.  Mr.  Chatley  liad  gone  into 
most  wonderful  calculations,  and  other  gentlemen  had  done  the 
same,  and  yet,  until  Mr.  Senecal  got  up,  he  did  not  hear  a  single 
word  as  to  the  fundamental  principle  of  flight.  Fourteen  years 
ago  he  had  asked  Sir  Hiram  Maxim  at  the  Society  of  Arts 
whether  he  could  tell  them  "  how  a  bird  flew,"  and  Sir  Hiram 
at  once  jumped  to  the  conclusion  that  the  speaker  wanted  to 
make  a  machine  to  fly  like  a  bird,  with  flapping  wings,  and  said 
he  had  no  doubt  that  he  could  make  a  locomotive  to  gallop  along 
the  ground.  They  did  not,  however,  want  to  do  that.  If  they 
were  going  into  mechanics  they  must  generally  have  a  rotary 
motion  to  do  the  same  work  as  the  reciprocal  action  of  nature. 
In  travelling  along  the  ground  they  must  have  a  wheel  to  do 
the  same  work  as  the  legs  of  an  animal ;  and  if  they  were  going 
through  water  they  must  have  a  rotary  equivalent  to  the  reciprocal 
action  of  the  tail  of  a  fish.  They  had  this  in  the  screw  propeller. 
Could  anyone  truthfully  say  that  a  bird  twisted  itself  through 
the  air  with  its  tail  ?  and  yet  that  is  what  all  ai'roplanes  are 
trying  to  do.  They  had,  in  fact,  done  so,  and  it  was  very  clever 
of  them,  but  that  was  not  flying.  Propelling  a  structure  through 
air  as  a  vessel  was  propelled  through  the  water  was  not  flight 
as  he  understood  it,  that  is  to  say  as  a  bird  flew. 

]>efore  they  began  to  make  their  calculations  they  must  find 
out  what  was  the  iundamental  principle  of  flight.  As  a  matter 
of  fact,  it  was  simplicity  itself.  He  could  explain  the  theory  of 
flight  in  two  minutes.  How  did  a  bird  progress  through  the 
air  ?  It  would  be  admitted  that  a  bird  weighed  something,  and 
it  was  heavier  than  the  air. 

Let  them  take  a  bird  or  machine,  preferably  the  "  gyropter," 
which  lias  lifted  1.^  tons  with  40  Il.r.  or  75  lb.  per  H.P.  He 
would  supi)()se  tliat  tlie  l)ir(l  or  the  macliine  was  eitlier  on 
the  ground  or  a  foot  or  a  mile  oif  the  ground.  He  would 
suppose  that  the  bird  or  the  machine  weiglied  1  unit  (1  oz. 
or  1  ton).  They  could  also  throw  in  that  the  bird  or  tlie 
machine  had  some  momentum,  or  that  it  was  at  rest.  Under 
all  these  circumstances  the  bird  or  the  machine  must  have  an 
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absolutely  vertical  downward  pull  ofgravity  equal  to  1,  its  weight. 
He  would  suppose  that  by  means  of  the  reciprocal  action  of  the 
wings  of  the  bird,  or  by  the  rotary  action  which  must  be  employed 
in  mechanics,  they  exerted  a  thrust  in  an  absolutely  vertical 
upward  direction  equal  to  1.     Then  the  bird  or  the  machine  would 
remain  where  it  was  so  long  as  the  upward  pull  was  equal  to  1. 
Now  he  would  suppose  that  the  pull  of  1  in  the  upward  direction 
was  the  millionth  part  of  a  degree  out  of  the  vertical.     Would  the 
bird  or  the  machine  then  remain  where  it  was  ?     It  could  not. 
It  would  go  off  in  the  direction  of  exactly  half  the  angle  created 
by  the  upward  and  downward  pull.     He  would  then  suppose 
that  tlic  pull  in  the  upward  direction  was  a  little  bit  more  than  I. 
The  resultant  would  naturally  go  off  above  half  the  angle,  and 
if  the  upward  pull  was  sufficiently  in  excess  of  1,  the  body  would 
move  forwards  and  upwards ;  and  so  long  as  one  could  keep  the 
upward  pull  sufficiently  in  excess  of  1  and  keep  it  in  advance  of 
the  vertical,  the  speed  would  go  on  increasing  until  it  was  counter- 
acted by  the  resistance  to  the  air  presented  In'  the  cutting  edge  of 
the  machine,  which  would  probably  not  occur  at  a  less  speed  than 
200  or  300  miles  an  hour.     What  it  resolved  itself  into  was  to 
l)e  able  to  get  an  upward  pull  sufficiently  in  excess  of  the  down- 
ward pull  of  gravity,  and  to  be  able  to  govern  the  angle  of  that 
upward  pull.     In  America  he  had  constructed  a  rotary  wing 
flying  machine  or  "  gyropter  "  as  he  called  it.     The  two  rotary 
mngs  or  gyropters,  each  27^  ft.  in  diameter,  consisted  of  a  series 
of  aeroplanes  or  aerocurves,  110  to  each  wing,  and  by  forcing 
these  aerocurves  through  the  air  at  a  speed  of  55  revolutions  per 
minute,  he  had  obtained,  with  a  single  gyropter,  an  absolute  lift 
of  IJ  tons  with  less  than  40  H.P.,  or  a  total  of  3  tons  with 
80  H.P.,  using  both  gyropters.     He  proposed  building  another 
machine  in  this  country,  as,  unfortunately,  he  had  had  a  little 
accident  through  want  of  money  to  obtain  suitable  engines  for 
ihe  original  experimental   machine.     He  thought  that  it  was 
important  that  they  should  look  to  the  fundamental  princiide  of 
flight,  and  then  they  could  make  their  calculations.     It  was  not 
good  to  make  calculations  without  basing  those  calculations  upon 
the  fundamental  principle.     He  hoped  that  the  Society  of  Engi- 
neers would  take  uj)  this  matter  in  a  serious  way. 

Mr.  Holroyd  Smith  said  that  he  was  sorry  to  inteiTupt, 
])ut  he  should  at  <mce  dispute  that  the  speaker's  diagram  had  any- 
thing to  do  with  the  fundamental  principle  of  a  bird's  flight.  It 
might  be,  and  probably  was,  a  correct  explanation  of  the  speaker's 
machine,  but  it  was  absolutely  different  from  the  manner  in 
which  any  bird  ever  did  or  ever  would  fly. 

Mr.  R.  W.  A.  Brewer  wrote  saying,  that  although  the  in- 
furmatiun  in  the  paper  covered  a  good  deal  of  theoretical  ground, 
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he  thought  that  practical  experiments  would  show  fallacies  in 
many  of  the  assumptions  which  formed  the  first  principles  of 
the  formulae  given.  No  hard-and-fast  rules  could  yet  be  stated 
as  to  the  weights  which  could  be  sustained  in  the  air  when  a 
plane  or  curve  was  propelled  by  an  engine  of  any  given  horse- 
power. 

Theoretical  data  could  only  be  usefully  based  upon  the  result 
of  practical  experiment — and  the  author  gave  no  practical  in- 
formation to  substantiate  any  of  his  theoretical  deductions. 

Mr.  Henry  Farman  attributed  his  success  not  so  much  to 
any  form  or  shape  of  the  apparatus  employed,  as  to  his  own 
methodical  tests  and  modifications  which  were  made  as  the 
results  of  his  experiments.  He  had  also  found  that  weight  was 
not  so  important  as  resistance  to  penetration,  and  that  it  was 
preferable  to  make  a  part  of  greater  weight  if  by  this  means  less 
resistance  to  air  could  be  secured. 

Increased  length  of  flight  had  been  attained  by  reducing  air 
friction,  this  having  been  made  possible  when  portions  of 
irregular  shape  had  been  covered  with  canvas. 

The  author  did  not  make  sufficient  point  of  the  fact  that  the 
rear  shape  of  a  body  suspended  in  an  air  current  was  of  far  more 
importance  than  the  nose  or  front  portion.  Eddies  depended  so 
much  upon  the  closing  of  the  parted  air  after  the  body  had  passed. 

With  reference  to  propellers  at  high  speeds,  flimsy  blades 
were  much  distorted,  and  this  accounted  for  the  great  loss  of 
efficiency  in  many  cases. 

The  position  and  number  of  the  propellers  was  not  alluded 
to  by  the  author  in  his  paper,  and  it  would  be  interesting  to 
know  the  effect  of  a  single  propeller  upon  lateral  stability  as 
compared  with  the  balancing  effect  of  two — and  what  the 
difference  of  stability  would  be  in  a  lateral  direction  between  the 
double-propeller  machine  of  the  Wright  Bros,  and  Farman's 
single-propeller  machine. 

The  author  had  given  a  short  outline  of  the  arrangement  of 
several  machines,  but  the  paper  would  have  been  of  much  more 
practical  utility  had  he  stated  the  effects  of  the  various  differ- 
ences in  several  notable  types. 

For  instance,  what  were  the  advantages  of  a  biplane  over  a 
single  plane,  and  of  leading  elevating  planes  over  rear  planes  ? 

On  pages  248  and  249,  the  subject  of  centre  of  pressure  was 
considered,  and  the  diagrams  would  be  of  greater  utility  had  the 
location  of  such  points  been  given  for  several  values  of  y.  In 
the  second  condition  of  longitudinal  stability  given  on  page  249, 
the  position  of  the  centre  of  gravity  was  discussed  with  reference 
to  that  of  the  centre  of  area  of  sustaining  planes,  but  in  no  case 
did  the  author  locate  this  latter  position  in  his  diagrams. 
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The  writer  had  done  this  for  Fig.  5  by  taking  moments  of 
rhe  surfaces  about  the  rear  extremity  of  the  machine,  and  he 
found  that  the  centre  of  areas  calculated  in  tliis  way  fell  just  in 
front  of  the  propeller,  one  third  of  the  distance  between  it  and 
the  centre  of  gravity  of  the  whole  machine. 

A  detailed  discussion  of  the  various  features  of  one  particular 
type  of  machine  tOL^ether  with  calculations  based  on  the  formulae 
given  in  the  paper  would  have  been  of  great  practical  utility, 
and  would  have  sliown  the  necessity  for  any  modifications  which 
in  actual  practice  had  been  foimd  to  increase  the  efficiency  of 
tliat  machine. 

Mr.  Hollands  also  wrote  referring  to  the  remarks  of  Messrs. 
IT.  AVriglit  and  Hammond,  to  which  he  had  no  opportunity  of 
replying  at  the  meeting,  that  he  had  had  the  privilege  of  being 
associated  with  Sir  Hiram  Maxim  in  his  experiments  and  trials 
at  Bexley  (1892-4),  and  was  enabled  to  say  that — contrary  to 
the  unproved  statements  of  Messrs.  Wright  and  Hammond — 
one  result  of  Sir  Hiram's  very  carefully  conducted  tests,  was  to 
prove  that  the  thrust  is  pi^actically  the  same  loh ether  the  propeller 
was  standing  or  advancing  (there  was  no  error  about  this),  and 
his  own  experimental  experience  was  the  same. 

Moreover,  ]\Ir.  Curtiss  in  America  had  found  this  to  be  the 
case. 

Sir  Hiram  Maxim  had  published  the  above  result. 

Mr.  Albert  P.  Thurston  wrote,  saying  that  since  it  was 
more  economical  to  give  a  large  mass  of  air  a  small  velocity, 
than  to  give  a  small  mass  a  high  velocity,  it  followed  that  a 
screw  or  helicoptere  should  be  designed  to  engage  as  much  air 
as  possible.  The  author  had  stated  that  the  action  of  an  air 
pro})eller  was  almost  identical  with  that  of  a  marine  propeller 
except  for  the  difference  of  density,  which  was  in  the  ratio  of 
about  1  :  800,  the  resistance  being  in  the  same  ratio,  and  that 
the  coefficient  of  skin  friction  was  about  5  per  cent,  of  the  coef- 
ficient of  resistance.  It  should  not  be  forgotten,  however,  that 
water  wetted  a  surface,  whereas  aii-  did  not ;  water  possessed 
viscosity  and  cohesion,  and  air  had  no  measurable  viscosity,  and 
its  molecules  were  always  tending  to  get  as  far  away  from  one 
another  as  possible.  Clerk  Maxwell  had  stated  that  the  skin 
friction  would  be,  not  5  ])er  cent.,  but  r}^  of  1  per  cent.  Sir 
Hiram  Maxim,  Professor  Langley  and  the  Wright  Brotliers  all 
stated  that  tlie  skin  friction  was  exceedingly  small.  The  resist- 
ance to  motion  of  an  aeroplane  was  due  not  so  much  to  skin 
friction  as  to  eddies  set  up  by  parts  of  the  body  which  were  not 
of  stream  line  formation. 

If  the  vicinity  of  a  propeller  was  explored  by  means  of  short 
ribbons,  it  would  be  found  that  the  air  entered  the  propeller 
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from  the  front  and  sides  and  went  out   from  the  back  in  a 
straight  column.     Sir  Hiram  Maxim  had  found  that  there  was  no 
centrifugal  or  fan-blower  action  until  the  pitch  angle  exceeded  45°. 
With  stationary  propellers  suitable  for  driving  aeroplanes, 

Horse-power  =  thrust  x  stationary  slip 
^  33,000 

With  such  propellers,  the  thrust  did  not  fall  off  very  greatly 
up  to  a  speed  of  70  per  cent,  of  the  stationary  slip  or  theoretical 
speed. 

It  would  be  seen  from  this  that  the  thrust  was  proportional 
to  the  speed,  and  that  the  power  was  proportional  to  the  square 
of  the  speed.  The  author,  however,  had  stated  that  the  power 
varied  as  the  cube  of  the  speed.  This  statement  would  apply 
only  to  helicopteres  of  large  diameter  and  to  aeroplanes  of  fixed 
inclination. 

Since,  with  an  aeroplane,  the  inclination  could  be  diminished 
with  an  increase  of  speed,  the  horse-power  required  to  drive  an 
aeroplane,  under  ordinary  conditions,  would  be  less  than  the 
cube  of  the  speed. 

With  regard  to  the  author's  statement  that  the  thrust  was 
proportional  to  the  area  of  the  blades,  a  two-bladed  propeller 
was  found  to  be  the  most  efficient  form.  With  practical  speeds 
and  diameters  the  addition  of  an  extra  pair  of  blades  gave  no 
additional  thrust,  and  hence  all  flying  machines  had  only  two 
blades. 

With  regard  to  the  thrust  of  a  propeller,  this  depended  on 
the  speed  with  which  it  travelled  axially.  If  the  screw  were 
perfectly  efficient,  a  thrust  of  40  lb.  per  H.P.  could  not  be  ob- 
tained at  a  greater  speed  than  9  •  4  miles  per  hour. 

The  thrust  given  by  equation  (18)  appeared  to  be  unduly 
high.  The  gliding  angle  of  existing  machines  was  apparently 
between  1  in  5  and  1  in  8.  Equation  (18)  could  be  safely 
written 

T  =  ^ 

6 

The  less  the  theoretical  speed  or  slip  of  a  propeller,  and  the  greater 
the  horse-power  to  be  transmitted,  the  greater  should  be  the 
diameter. 

Sir  George  Cay  ley  had  shown  in  1795  that  if  a  weightless 
screw,  200  feet  in  diameter  could  be  constructed,  it  would  enable 
a  man  to  raise  himself  from  the  ground  by  his  own  power.  Sir 
Hiram  Maxim  had  recently  stated  that  if  the  diameter  of  the 
screw  were  raised  to  2000   feet,  the   power  of  a  man  would 
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sustain  the  weight  of  a  horse,  while  if  the  diameter  were  reduced 
to  20  feet,  then  it  would  need  the  power  of  a  horse  to  sustain 
the  weight  of  a  man. 

The  efficiency  of  the  Wright  machine  as  compared  with  the 
Farman  machine  was  partly  due  to  the  fact  that  the  propellers 
of  the  former  engaged  nearly  7  times  more  air  per  horse-power 
than  the  propeller  of  the  latter. 

With  increased  screw  diameters,  helicopteres  became  more 
efficient,  not  only  because  more  air  was  engaged,  but  also 
because  still  air  was  struck,  and  before  the  aii-  was  fully  set  in 
motion  the  aeroplane  had  passed  on. 

The  aeroplane  was  more  efficient  than  a  helicoptere  could 
be,  because  it  represented  the  case  of  a  helicoptere  plane  at  an 
infinite  radius.  Also,  when  a  tielicoptere  was  given  a  lateral 
motion,  it  was  subjected  to  a  considerable  cross  torque  due  to 
the  velocity  l)eing  increased  on  one  side,  and  decreased  on  the 
other,  with  respect  to  the  air.  The  aeroplane  had  no  such  dis- 
advantages. It  could  be  constructed  so  as  to  engage  the  maxi- 
mum of  air  with  the  minimum  of  resistance  and  weight,  and  by 
placing  the  propellers  behind  the  centre  of  maximum  resistance, 
some  of  ilie  energy  lost  by  the  disturbance  of  the  air  could  be 
recovered  by  the  propellers. 

With  regard  to  the  change  of  the  centre  of  pressure,  a  paper 
by  Dr.  Stanton,  (Proc.  Inst.C.E.,  vol.  clvi.),  was  of  interest. 
He  found  that  the  change  of  the  centre  of  pressure  with  the 
inclination  of  an  aeroplane  was  brought  about  largely  by  the 
change  of  distribution  of  the  suction  on  the  back  of  the  plane. 

Mr.  Herbert  Chatley,  in  replying  after  the  discussion, 
referred  to  the  following  matters  : — 

Classification  of  Types.  — Major  Baden  Powell  and  Mr.  Wright 
had  suggested  that  there  were  certain  types  of  machine  which 
could  not  be  brought  under  the  headings.  The  author  perfectly 
agreed  that  there  were  intermediate  types,  and  had  no  intention 
of  making  the  classification  a  very  rigid  one.  Some  kind  of 
system  must,  however,  be  used  in  describing  the  machines.  He 
had  suggested  a  scheme  for  classifying  the  different  species  of 
aeroplane  in  a  paper  which  was  shortly  to  appear  in  the  Journal 
of  tlie  Royal  Society  of  Arts. 

Propeller  Action. — The  vortex  about  a  propeller  with  100 
per  cent,  slip,  criticised  by  Major  Baden  Powell,  was  observed 
by  Professor  Thurston  (see  correspondence  in  *  Engineering ' 
this  year),  and  the  autlior  had  found  a  somewhat  similar  motion 
in  a  small  stationary  propeller  placed  vertically  in  a  fluid. 
The  fluid  was  ejected  circumferentially  and  axially,  so  that  the 
general  flow  was  outward,  and  the  fluid  descended  outside  the 
field  of  action  of  the  propeller,  and  returned  to  the  same  near 
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the  tip  circle  (see  sketch).  With  regard  to  the  thrust,  the 
figures  quoted  were  based  on  tlie  claims  of  Kress,  Vogt,  Ham- 
mond, Pickering  and  otlier  experimenters.  The  author  thought 
that  three  points  were  commonly  overlooked  in  considering  this 
question. 


SsCTiOfi  THROUGH    VoRTex, 


(1)  That  the  thrust  neither  needed  to  be,  nor  could  be,  great 
when  the  slip  was  small. 

(2)  That  the  propeller  settled  down  to  a  speed  determined 
by  the  characteristics  of  the  motor,  and  that  the  torque,  and  con- 
sequently the  thrust,  would  vary  in  a  manner  depending  on  the 
motor  as  well  as  on  the  actual  form  of  the  propeller. 

(3)  That  a  propeller  suitable  at  one  speed  might  be  useless 
at  another. 

TAft  to  Drift  Ratio. — Col.  Fullerton  had  expressed  the  hope 
that  the  author's  value  (3  or  4)  for  this,  would  soon  be  exceeded. 
This  probably  would  be  so,  but  at  the  same  time  it  must  be 
realised  that  the  direct  resistance  of  the  framing  would  always 
reduce  this  ratio  to  considerably  less  than  the  lift  to  drift  ratio 
of  the  aerofoils  themselves.  Phillips  had  aerocurves  with  a 
ratio  of  20  to  1,  but  the  thrust  required  was  considerably  more 
than  2V  o^  the  weight. 

Friction. — In  regard  to  this  question,  the  author  ventured 
to  contest  Lanchester's  and  Zahm's  results  to  a  certain  extent. 
Mr.  Lanchester  included  in  his  skin  friction  coefficient,  the 
dynamic  action  of  the  edge,  which  would  appear  more  properly 
to  belong  to  the  "  aerodynamic  resistance  "  of  the  aiiro foils. 
Nevertheless,  the  author  had  convinced  himself  from  Turnbull's 
experiments,  that  the  friction  had  generally  been  under-esti- 
mated. Professor  Zahm's  results  did  not  seem  to  allow  for  the 
increase  in  viscosity  due  to  the  proximity  of  the  walls  of  the 
testing  tunnel. 

Mathematical  Theory. — The  author  had  been  criticised  by 
Mr.  Holroyd  Smith  and  Mr.  Senecal  on  account  of  the  theoretical 
matter  introduced,  and  the  latter  had  stated  that  an  adherence 
to  theory  had  led  Navier  to  severely  check  the  progess  of 
aviation  in  the  nineteenth  century.     The  author  pointed  out. 
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however,  that  Navier's  theory  was  simply  based  on  Newton's 
liypothesis  of  fluid  resistance,  whereas  every  rule  and  formula 
given  in  the  paper  was  based  on  experiment  and  notldng  else, 
with  the  sole  exception  of  the  theory  of  stability.  It  was  not 
sufficiently  realised  by  the  "  naturalist "  aviator  that  mathe- 
matics was  infallible  if  the  underlying  assumptions  were  true. 
Xow  the  assumptions  in  tliis  case  were  those  derived  (not  as 
assumptions  but  as  conclusions),  from  the  experiments  of 
Wenham,  Langley,  Eiffel  and  others,  who  certainly  could  not  be 
convinced  of  unpracticality. 

With  regard  to  the  theory  of  stability,  Professor  Bryan,  its 
chief  exponent  in  this  country,  had  acknowledged  that  it  was 
almost  valueless  until  certain  experiments  liad  been  made.  In 
waiting  to  the  author,  however,  on  the  subject  of  this  paper,  he 
said  that  the  completion  of  this  theor}^  (with  the  necessary  ex- 
perimental data)  was  essential  to  the  progress  of  aviation. 

In  further  support  of  the  use  of  mathematics,  it  seemed 
scarcely  necessary  to  mention  that  the  present  development  of 
the  steam  turbine  and  reciprocating  engines  and  also  of  electrical 
machinery  was  almost  wholly  due  to  the  results  of  successful 
"  .y>chasing." 

Horse-Povjer. — With  regard  to  the  variation  in  power  with 
speed,  by  reason  of  the  possible  reduction  of  the  gliding  angle, 
it  did  not  necessarily  follow  that  the  variation  would  follow  the 
cubic  law.  This  was  explained  in  the  paper.  The  actual  index 
of  variation  might  be  anything  from  1  to  3,  and  w^oukl  increase 
with  the  speed  by  reason  of  the  friction. 

Centre  of  Pressure. — Major  Baden  Powell's  query  as  to  the 
variation  of  the  centre  of  pressure  with  the  velocity  was  very 
pertinent.  Since  the  angle  of  attack  need  not  be  so  great  at 
high  speeds,  the  centre  of  pressure  would  tend  to  advance.  An 
examination  of  the  experimental  results  of  Kummer,  Langley  and 
Turnbull  did  not,  however,  indicate  any  variation  in  the  position 
of  the  centre  of  pressure  due  to  variation  of  velocity  per  sc. 

In  reply  to  Mr.  Brewer's  communication,  the  author  thought 
that  this  gentleman  had  made  the  same  error  as  some  of  the 
other  critics  of  the  paper,  viz. : — neglect  of  well-known  experi- 
mental data.  Mr.  Brewer  asked  for  confirmation  of  the  formulae. 
In  regard  to  formuki^  1,  2,  and  o,  the  records  of  Dines,  Froude, 
Langley,  Stanton,  Vince,  Thibault,  Payleigh  and  many  another 
could  be  quoted.  In  regard  to  formula  ">,  the  references  in  the 
footnote  would  afford  ample  justification.  Rules  6,  7,  8,  and  !> 
were  simply  deduced  from  the  preceding  and  the  triangle  of 
forces.  For  11  and  12  reference  was  given.  Nos.  13  and  14 
were  given  by  Captain  Ferber  who  first  assisted  M.  Voisin,  the 
maker  of  the  Farman  and  Delagrange  machines. 
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The  rules  in  the  section  of  "  Practice  "  were  deduced  from  the 
preceding,  with  an  ample  allowance  for  experimental  error. 

With  regard  to  the  rule  connecting  weight  with  power,  the 
author  would  point  out  that  No.  18  had  been  given  by  Cap- 
tain Ferber  in  the  discussion  which  followed  the  author's  paper 
before  the  Junior  Institution  of  Engineers  in  February  1908, 
and  that  No.  19  as  modified  in  the  text  only  involved  a  thrust 
per  H.P.  of  20  lb. 

The  "  reduction  of  the  air  friction,"  the  author  presumed,  re- 
ferred to  the  reduction  of  dynamic  resistance.  Friction  was  a 
matter  of  surface,  not  shape. 

The  "  rear  form  "  was  mentioned  in  the  paper,  and,  after  the 
important  results  obtained  by  Mr.  Froude  and  his  son  in  connec- 
tion with  ships,  scarcely  needed  emphasizing. 

Flimsy  blades  were  undoubtedly  to  some  extent  the  cause  of 
inefficiency,  but  probably  the  principal  cause  was  bad  shape  for 
the  particular  speeds.  The  author  would  point  out  here  that 
the  product  of  the  thrusts  (in  lb.)  per  H.P.  into  the  speed  of  the 
aeroplane  could  not  exceed  550  foot-lb.  per  second,  so  that  at 
speeds  of  27  feet  per  second,  20  lb.  per  H.P.  thrust  was  the 
maximum. 

With  regard  to  the  stability  effect  of  propellers,  undoubtedly 
the  gyros tatic  action  of  one  propeller  was  objectionable,  but  since 
the  propeller  was  generally  of  small  mass,  and  the  turning 
speed  (not  the  rotation  of  the  propeller)  was  also  small,  the 
torque  on  the  aeroplane  due  to  this  effect  would  not  be  great. 

The  relative  advantages  of  different  systems  of  planes  had 
not  been  experimentally  settled,  but  it  would  seem  that  they 
principally  affected  the  facility  of  construction  rather  than  the 
action. 

Mr.  Brewer's  calculation  as  to  the  centre  of  areas  was  inter- 
esting, but  not  quite  to  the  point,  as  the  diagram  was  only 
intended  to  represent  the  arrangement  of  the  machine.  However, 
he  showed  that  the  centre  of  gravity  is  in  front  of  the  centre 
of  areas,  which  is  the  great  essential. 

The  suggestion  as  to  calculations  based  on  one  machine  had 
already  been  carried  out  by  Col.  Fullerton  in  reference  to  general 
machines,  the  results  having  been  given  in  the  '  Aeronautical 
Journal.'  There  was  always  the  difficulty  in  this  case  of  obtain- 
ing the  requisite  data. 

The  author  would  again  repeat  that  the  calculations  were 
based  on  experiments,  and  were  of  such  a  simple  character  that 
actual  disproof  of  the  assumptions  or  the  working  would  be 
necessary  before  they  could  be  said  to  be  inapplicable. 


Es ;  Aeroplane  Running  Hokizostally. 
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(Obituanj. 

William  Thomson,  Baron  Kelvin  of  Largs,  O.M.,  P.O., 
G.C.Y.O.,  D.C.L.  (Oxun.),  LL.D.  (Cantab.),  whose  death  occurred 
on  December  17,  1907,  was  born  at  Belfast  on  June  26,  1824, 
and  after  a  course  of  study  at  the  University  of  Glasgow, 
entered  St.  Peter's  College,  Cambridge,  in  1841,  was  placed 
Second  AVrangler  and  first  Smith's  ])rizemau  in  1845.  and  was 
subsequently  elected  a  Fellow  of  his  college.  In  1840,  at  the 
age  of  22,  he  was  appointed  Professor  of  Natural  Philosophy 
at  the  University  of  Glasgow,  a  position  which  he  held  for 
fifty-three  years,  and  in  1904  he  was  elected  Chancellor  of  the 
University  with  which  he  had  been  so  lonj^  associated. 

He  became  a  Fellow  of  the  Eoyal  Society  in  1851,  and 
occupied  the  Presidential  chair  in  1890.  A  knighthood  was 
conferred  upon  him  in  1866  for  services  rendered  in  connection 
with  laying  the  Atlantic  cable,  and  in  1892  he  was  elevated  to 
the  peerage. 

Having  regard  to  the  remarkable  series  of  mathematical 
and  physical  investigations  carried  out  by  him.  Lord  Kelvin 
may  be  regarded  as  the  foremost  physicist  and  most  accom- 
plished scientist  of  his  time.  He  combined  the  highest  mathe- 
matical ability  and  great  originality  with  the  power  of  applying 
his  vast  attainments  to  practical  and  industrial  problems,  and 
as  an  engineer  he  contributed  largely  to  the  sciences  of  naviga- 
tion, telegraphy,  and  electrical  engineering.  He  was  a  tii'eless 
worker,  taking  the  keenest  interest  in  the  advancement  of 
science  to  the  very  end  of  his  life.  His  remains  were  interred 
in  Westminster  Abbey,  in  a  grave  adjoining  that  of  Newton. 
Lord  Kelvin  was  an  Honorary  Member  of  the  Society  from  1890 
until  his  decease. 

Sir  George  Barclay  Bruce,  Honorary  Member,  who  died 
on  August  25.  1908,  after  a  lomr  illness,  was  one  of  the  verv 
few  men  of  the  present  time  who  have  not  only  seen  the 
devel(>pment  of  the  railway  systems  of  the  world,  but  who  were 
actually  alive  when  railways  came  into  existence. 

He  was  born  on  October  1,  1821,  and  was  the  son  of  Mr. 
John  Bruce,  of  Newcastle-on-Tyne,  a  schoolmaster,  at  whose 
school  he  attended  until  he  was  15  years  of  age,  and  in  this 
connection  it  is  interesting  to  note  that  Pobert  Stephenson  and 
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Sir  Isaac  Lowthian  Bell  (another  deceased  Honorary  Member 
of  this  Society),  were  also  educated  there.  Upon  leaving  his 
father's  school,  young  Bruce  entered  the  Stephensons'  works, 
where  he  served  a  six  years'  apprenticeship,  afterwards  taking 
service  with  the  firm  as  an  engineer. 

His  whole  life  was  identified  with  railway  construction,  and 
the  railways  with  which  he  was  connected  in  a  greater  or  less 
degree  included  lines  not  only  in  England  and  India,  but  also 
in  Sou  til  America,  Germany  and  Spain. 

Mr.  Bruce  was  President  of  the  Institution  of  Civil  Engineers 
in  1887-88,  and  in  the  latter  year  he  received  the  honour  of 
knighthood. 

Sir  George  had  been  an  Honorary  Member  of  the  Society  ot 
Engineers  since  1891. 

Charles  Rous-Marten,  who  died  on  April  20,  1908,  was 
well  known  as  an  authority  on  locomotive  engineering  in  general, 
and  train  speeds  in  particular. 

His  "Keport  to  the  New  Zealand  Government  on  British 
Express  Speeds  " — the  outcome  of  months  of  patient  investiga- 
tion— first  brought  him  into  notice  on  this  side  of  the  globe,  but 
he  had  been  busy  for  some  years  before  with  the  improvement 
of  the  New  Zealand  State  Bail  ways,  especially  in  regard  to  loco- 
motive practice.  He  was  the  first  to  call  attention  to  the 
wonderful  work  done  on  French  Eailways  by  the  4-cylinder  de 
Glehn  du  Bousquet  compounds  and  in  some  special  experiments 
arranged  at  his  request,  he  obtained  up-hill  speeds  with  big  loads 
which  are  still  world's  records  for  that  class  of  work.  But 
Mr.  Kous-Marten's  activities  were  not  confined  to  locomotive 
work  ;  his  first  scientific  achievements  were  in  meteorology  in 
Xew  Zealand,  where  he  set  up,  and  for  ten  years  carried  on,  the 
most  southern  weather  observatory  in  the  world,  at  a  point  near 
Foveaux  Strait.  He  was  a  good  linguist,  a  skilled  musical  critic, 
and  took  an  active  part  in  public  life  in  New  Zealand.  He  was 
elected  a  Member  of  the  Society  in  1901,  and  was  the  author  of 
two  papers  on  locomotive  work,  for  one  of  which  ("  Notes  on 
English  and  French  Compound  Locomotives  ")  he  was  awarded 
a  Society's  Premium  of  books. 
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FIFTY-FOURTH   ANNUAL  GENERAL   MEETING. 


HELD   AT 

THE   OFFICES   OF   THE   SOCIETY,    17   VICTORIA    STREET, 

WESTMINSTER. 

Monday,  Deccmher  14,   1908. 

JOSEPH  WILLIAM    WILSON,  Pkesident, 
IN  THE  Chair. 


The  Miuutes  of  the  Fiftv-Tliird  Aunual  General  Meeting,  held 
December  9,  1907,  were  read,  confirmed,  and  signed. 


The  President  read  the  report  submitted  by  tlie  scrutineers 
of  the  balloting  ])apers  for  the  election  of  the  council  and  officers 
for  the  year  1909,  and  announced  the  names  of  tlie  elected 
members. 


The  President  tlien  announced  the  premiums  which  had  been 
awarded  by  the  Council  for  meritorious  papers  read  during  tlie 
year.     (See  the  Report  of  the  Council,  page  286.) 


A  vote  of  thanks  was  accorded  to  the  scrutineers,  and  the 
proceedings  terminated  with  a  vote  of  thanks  to  the  President, 
Council  and  Officers  for  their  services  during  the  year  1908,  and 
was  duly  acknowledged. 
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1908. 


In  presenting  their  report  for  11)08,  the  Council  have  pleasure  in 
statincT  that  the  fifty-fourth  year  of  the  Society's  work  has  been  one 
of  steady  progress.  The  losses  from  deaths,  resignations,  and  other 
causes,  reach  the  unusually  large  aggregate  of  46,  due  partly  to  the 
fact  tliat  the  Council  deemed  it  advisable  to  strike  off  the  roll  of  the 
Society  a  number  of  members  whose  subscriptions  were  considerably 
in  arrears,  in  preference  to  allowing  the  arrears  to  accumulate  still 
further,  but  these  losses  have  been  more  than  counterbalanced  by  the 
election  of  49  new  members  and  associates  during  the  year,  and  the 
total  membership  at  December  ol,  1908,  constitutes  a  record  for  the 
Society,  being  one  in  excess  of  the  previous  highest  total  of  550  at 
the  end  of  1904.  The  following  comparative  table  indicates  the  losses 
and  gains  in  membership  during  the  last  five  years. 


Years. 

1904.* 

1905. 

1906. 

1907. 

1908. 

Lo>i$es  due   to  deaths,  resignations   and  \ 
other  causes         j 

Gains  due  to  elections  of  new  members  \ 
and  associates j 

30 
40 

46 

39 

37 

40 

37 
39 

46 
49 

*  Previous  record  total  membership  in  this  yea 


The  Membeeship  Roll. 

The  total  numbers  of  Hon.  Members,  Members  and  Associates  at 
the  ends  of  the  years  1906,  1907,  and  1908,  were  those  given  below. 


Class. 

Dec.  31,  1906. 

Dec.  31,  1907. 

Dec.  31,  1908. 

Honorary  Members 

Members      

19 
376 
151 

546 

20 
376 
152 

548 

20 
360 

Associates 

171 

Totals 

551 
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The  Council  regret  to  state  that  seven  deaths  have  been  reported 
to  them  during  the  year,  inchiding  that  of  Sir  George  Barclay  Bruce, 
Hon.  Member,  and  of  Mr.  Thos.  Andrews,  F.R.S.,  who  was  elected  as 
a  member  in  1870,  and  had  been  awarded  three  premiums  in  respect 
of  papers  read  before  the  Society. 

Finance. 

The  Balance  Sheet  and  Revenue  and  Expenditure  Account  appear 
on  pages  290  and  291.  The  Balance  Sheet  shows  a  small  excess  of 
expenditure  over  income  amounting  to  6/.  7s.  Id.  This,  however, 
is  to  be  compared  with  the  corresponding  loss  of  60/.  176-.  Id.  for  the 
year  1906,  when  the  previous  conversazione  was  held.  Under 
"  Liabilities,"'  the  item  "  Sundry  Creditors '"  is  high  because  of  three 
accounts,  namely,  Messrs.  Spons',  the  rent  of  offices,  and  the  Secretary's 
salary,  which  in  previous  years  have  been  settled  just  before  the  end 
of  the  year.  On  the  Assets  side  of  the  Balance  Sheet  a  good  feature 
is  that  the  subscriptions  in  arrear  amount  to  only  194:/,  ISn.  C)d.  as 
compared  with  249/.  4.5.  Qd.  in  1907.  The  cash  at  the  bank  shows 
a  large  increase,  being  3o2/.  Os.  10^.  as  compared  with  166/.  46-.  4^/. 
in  1907,  and  90/.  Is.  bd.  in  1906.  It  must  be  noted,  however,  that 
"  Sundry  Creditors  "  being  about  100/.  higher  this  year,  the  cash  at 
the  bank  may  be  taken  to  be  roughly  232/.  The  increase  in  the  office 
furniture  account  is  due  to  the  purchase  of  a  typewriter,  but  a  lo  per 
cent,  depreciation  has  again  been  written  off. 

Referring  to  the  Income  and  Expenditure  Account,  the  cost  of 
the  Transactions  appears  somewhat  higher  than  in  1907,  though  very 
little  higher  than  in  1906.  The  amount  for  1908  is  high  owing  to 
the  new  method  of  charging  for  the  work,  rendered  possible  l)y 
printing  the  Transactions  in  two  fornLS,  namely  in  yearly  volumes 
as  heretofore,  and  in  eight  part  form.  Consequently  the  sum  of 
225/.  8s.  includes  both  the  cost  of  the  Transactions  for  1907,  and 
nearly  the  whole  of  the  cost  of  those  for  1908. 

On  the  income  side,  the  admission  fees  show  an  increase  of  aliout 
7/.  and  the  interest  on  deposit  an  increase  of  2/.  2.s-. 


amalgaila.tion  ^-^ith  the  civil  and  mef'h.vnk'al 
Engineers'  Society. 

The  question  of  amalgamation  of  this  Society  with  the  Civil  and 
Mechanical  Engineers'  Society,  has  been  advanced  to  a  definite 
arrangement.  A  meeting  of  the  joint  committee  of  the  Society  of 
Engineers  and  the  Civil  and  Mechanical  Engineers'  Society,  was  held 
at  17  Victoria  Street,  Westminster,  on  March  lo,  19(is,  when  details 
of  a  provisional  agreement  were  arrived  at,  this  jigrecment  l>eing  after- 
wards confirmed  at  ('ouncil  meetings  of  the  respective  societies.  A 
revision  of  the  rules  is  in  progress,  and  when  tliis  work  is  complekMl 
the  new  rules  will  be  submitted  to  the  niem})ers  of  the  two  societies 
for  approval.     Subject  to  this  approval   being  obtained,  the  ainalga- 
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mation  will  probably  be  effected  in  May  1909,  at  the  close  of  the 
Jubilee  Session  of  the  Civil  and  Mechanical  Engineers'  Society.  The 
Council  are  confident  that  the  union  of  the  two  Societies  will  preserve 
and  improve  the  standing-  and  usefulness  of  both. 


Meetings. 

The  Council  have  held  11  meetings,  and  there  have  been  17 
meetings  of  the  various  committees.  Three  visits  to  works  of 
engineering  interest  took  place  during  the  vacation,  and  eight 
ordinary  meetings  have  been  held  at  the  Royal  United  Service 
Institution. 

The  papers  read  during  190S  have  maintained  a  high  standard  of 
excellence,  while  the  discussions  have  been  of  value  in  further  eluci- 
dating the  subjects  of  the  papers,  and  the  Council  hope  that  during 
1909  the  members  and  associates  will  show-  a  still  greater  appreciation 
of  these  meetings,  and  take  a  more  active  interest  in  the  work  of  the 
Society  by  attending  in  large  numbers,  and  contributing  to  the 
discussioJis. 

Papers. 

The  following  is  the  list  of  papers  read  during  the  past  year  : — 

Feb.    >"). — President's  Inaugural  Address,  by  Mr.  J.  W.  Wilson. 
Mar.    2. — The  Treatment  and  Formation  of  Road  Surfaces,  by 

Mr.  A.  J.  Metcalfe. 
April   (5. — The   Destruction   of   Arch  Bridges,  by  Mr.   H.  C. 

Duncan  Scott. 
May    -l-. — The    Design   and   the  Waste   and  Wear  of   Wheel 

Teeth,  by  Professor  R.  H.  Smith. 
June    1. — Tlie    Engineering    Pros   and   Cons   of    the   Metric 

System,  by  Mr.  A.  H.  Allen. 
Oct.     (;. — The  History  of  Mechanical  Traction  on  Tramways 

and  Roads,  by  Mr.  H.  Conradi. 
Nov.    2. — The    Flow   of    Li(|uid    Fuel    through    Carburettoi' 

Nozzles,  by  Mr.  R.  W.  A.  Brewer. 
Dec.     7.— Mechanical  Flight,  by  Mr.  H.  Chatley. 


Premiums. 

The  Council  have  awarded  Premiums  to  the  following  authors 
in  respect  of  papers  read  by  them  and  given  in  the  Jibove  list. 

1.  To  Prof.  II.  H.  Smith,  the  President's  Gold  Medal. 

'I,  To  ]\rr.  Herbert  Chatley,  the  "Bessemer  Premium"  of  Books. 

:>.  To  Mr.  A.  H.  Allen,  a  "  Society's  Premium  "  of  Books. 

4.  To  Mr.  H.  Conradi,  a  "  Society's  Premium"  of  Books. 

5.  To  Mr.  H.  C.  D.  Scott,  a  "  Society's  Premium  "  of  Books. 


ANNUAL   REPORT   OF   THE   COUNCIL     190S.  2<S' 


Visits  to  Works. 

The   following   works   were    visited   during    the   vacation,   and 
particulars  thereof  appear  in  the  Transactions  (page  157)  :  — 

June  27,  19u8.— The  National  Plivsiciil  Laboratorv. 
Julv  14,  1908.— The  Whitefriars  Glass  AVorks.      ' 
Sept.  22,  190H.— The  Adniiraltv  Harbour.  Dover. 


Annual  General  Meeting. 

The  fiftj-fourth  Annual  General  Meeting  was  held  at  the  Society's 
offices  on  December  14, 1908,  and  a  report  of  the  proceedings  appears 
in  the  Transactions  (page  '2Hi^). 


Annual  Dinner. 

The  fifty-fourth  Annual  Dinner  was  held  at  the  Waldorf  Hotel 
on  Wednesday,  Deceml)er  10,  1908,  Mr.  J.  W.  AVilson  presidinir. 
The  visitors  included  Admiral  the  Hon.  Sir  Ednnind  R.  Frcmantle, 
G.C.B.  ;  Lieut. -(ien.  D.  Hutchinson.  O.S.I.  ;  Sir  Alexander  Binnie, 
Past-President  Inst.  C.E.  ;  Mr.  W.  :\r.  Mordey,  M.  Inst.  ('.E..  Presi- 
dent Inst.  Electrical  Engineers  ;  .Mr.  W.  Xoble  Twelvetrees,  ]\I.I.M.E., 
A.M.I.CE.,  President  Civil  and  Mechanical  Engineers'  Society  :  ^Iv. 
H.  D.  Searles-AVood,  F.R.I.B.A..  Chairman  Royal  Saniuiry  Inst.  ; 
Rev.  Theodore  Wood.  F.E.S.  ;  and  Mr.  E.  Schenk,  Chairmaii  of  the 
Crystal  Palace  Company.  The  music  was  under  the  dii-ection  of 
Mi-.  ]\Iurrav  Rumsev. 


ExcHAXOK  Transactions. 

The  Society  continues  the  exchange  of  Transactions  with  the 
following  Institutions,  the  volumes  being  available  for  i-eference  by 
members  and  associates  at  the  Society's  offices. 

The  Institution  of  Civil  Engineers.  The  Jmiior  In^titlltiou  of  Engincer-s. 

The    Institution    (^f    Meolianical    Eti-  The  Institution  of  Mining'  un«l  Mi'tiil- 

gnieers.  luru'v. 

The    Institution    of    Electrical     Engi-  The  Koyul  Engineers'  lu.siilute. 

neers.  TJie   Incorp'. rated    Institution    of   (ins 
The  Institute  of  Naval  Architects.  llngineeis. 

The  Iron  ami  Steel  Institute.  The   l{oyal   Institute  of  |{riti>h  Archi- 
The  Surveyors'  Institution.  tecta. 

The    Association    of     Municipal    and  Tlie    Charti-red     Institiit.-    of    rafent 

County  Engineers.  Agents. 

The  Civil  and  Mechanical  Engineers'  Tiie  [{uyal  Society  of  Arts. 

Society.  'I  he  Liverpool  Eugiue»ring  SfKjiety. 
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The  Cleveland  Institution  of  Engineers. 

The  North  East  Coast  Institution  of 
Engineers  and  Shipbuilders. 

The  North  of  England  Institute  of 
Mining  and  Mechanical  Engineers. 

The  South  Wales  Institute  of  Mining 
Engineers. 

The  Institution  of  Engineers  and  Ship- 
builders in  Scotland. 

The  Institution  of  Civil  Engineers  of 
Ireland. 

The  French  Institution  of  Civil  En- 
gineers. 


The  Canadian  Civil  Engineers'  Society. 

Tlie  Victorian  Institute  of  Engineers. 

Tiie  Engineering  Association  of  Nevr 
South  Wales. 

The  American  Society  of  Civil  En- 
gineers. 

The  Municipal  Engineers  of  New  York. 

The  Association  of  Engineering  So- 
cieties. 

The  Smithsonian  Institution. 

The  Franklin  Institute. 


Journals  and  Magazines. 

The  library  contains  many  books  on  engineering  subjects,  and, 
in  addition,  the  following  journals  and  magazines  are  supplied 
gratuitously  by  their  respective  proprietors,  all  being  available  for 
reference  by  the  members. 


American  Machinist. 

Arms  and  Explosives. 

Automotor  Journal. 

British  Architect. 

Builder. 

Building  News. 

Cassier's  Magazine. 

Commercial  Motor. 

Concrete. 

Contract  Journal. 

Electrical  Review. 

Electricity. 

Engineer. 

Engineering. 

Engineering  Magazine. 

Gas  and  Oil  Engine  Becord. 

Illuminating  Engineer. 

Indian  Engineering. 

Indian  and  Eastern  Engineer 

Journal  of  Gas  Lighting. 


Machinery. 

Machinery  Market. 

Marine  Engineer. 

Mechanical  Engineer. 

Mechanical  World. 

Motor  Traction. 

Page's  Weekly. 

Power. 

Royal  Society  of  Arts  Journal. 

Sanitary  Record. 

Scientific  Monthly. 

Shipping  World. 

South  African  Engineering. 

Steamship. 

Surveyor. 

The  Metal  Industry. 

The  Quarry. 

The  Tramway  and  Railway  World. 

Water. 


Practical  Assistance  to  Members. 

The  Council  desire  to  call  special  attention  to  several  schemes 
recently  initiated  for  the  ])enefit  of  the  members  and  associates. 
Notice  of  these  matters  has  been  sent  to  all  members  and  associates, 
but  in  some  cases  it  may  not  have  been  realised  that  the  following 
arrangements  are  actually  in  force  : — 

1.  Members  and  associates  may  obtain  free  legal  and  general 
advice  with  regard  to  professional  matters  (only).  Statements  of 
questions  on  which  advice  is  required  should  be  made  in  writing  to 
the  Secretary,  and  it  is  hoped  that  this  new  undertaking  will  be  of 
equal  benefit  to  both  town,  country,  and  foreign  members. 
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2.  The  Business  Directory^  containing  particulars  of  the  leading 
classes  of  work  undertaken  by  members,  has  already  proved  useful  on 
several  occasions  when  inquiries  have  been  received  for  the  names  of 
engineers  with  experience  in  particular  classes  of  work.  The 
Directory,  however,  is  by  no  means  complete,  and  all  who  have  not 
yet  sent  in  their  5-inch  by  8-inch  card-index  cards  are  urged  to  do 
so  without  delay. 

3.  The  Employment  Register  for  the  use  of  engineering  assistants 
has  been  utilised  by  a  number  of  members  and  associates,  but  this 
might  be  rendered  of  much  more  advantage  if  all  members  requiring 
assistants  would  apply  to  the  Society  and  make  the  register  known  to 
employers  of  engineers.  No  charge  is  made  is  connection  with  this 
work,  and  the  Council  hope  that  it  will  receive  continued  and 
increasing  support. 

4.  In  the  new  rules  now  being  drafted,  provision  will  be  made  to 
enable  members,  under  certain  conditions,  to  bring  questions  affecting 
the  interests  or  work  of  the  Society  before  all  the  members,  and  to 
obtain  their  votes  thereon  by  post  without  the  necessity  of  calling  a 
special  general  meeting. 

The  Council  have  also  discussed  the  important  matter  of  Registra- 
tion, and  other  questions  affecting  the  status  of  engineers  generally. 

Practical  suggestions  from  members  for  improving  the  status  of 
the  engineering  profession,  and  detailed  information  regarding  fees, 
salaries,  and  duties  of  engineers  and  engineering  officials,  in  this 
country  or  abroad,  will  be  of  great  assistance  to  the  Council  in  this 
connection. 

Finally,  the  Council  hope  to  receive  the  active  assistance  of  all 
the  members,  whether  in  London,  the  provinces,  or  abroad,  in  carry- 
ing on  the  work  of  the  Society,  for  sul)stantial  progress  can  only  ))e 
secured  with  the  cordial  co-operation  of  each  individual  member. 

January,  190U. 
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PREMIUMS   FOR    1908. 


At  an  Ordinary  Meeting  of  the  Society,  held  on  February  1st, 
1909.  the  following:  Premiums  were  presented,  viz.  : — 

The  President's  Gold  Medal  to  : 

Pkof.  R.  H.  Smith,  for  his  paper  on  The  Design  and  the  Waste 
and  Wear  of  Wheel  Teeth. 

The  Bessemer  Premium  of  Books  to  : 

Herbert  Chatley,  for  his  paper  on  Mechanical  Flight. 

A  Society's  Premium  of  Books  to  : 

A.  H.  Allen,  for  his  paper  on  The  Engineering  Pros  and  Cons 
of  the  Metric  System. 

A  Society's  Premium  of  Books  to  : 

H.  CoNRADi,  for  his  paper  on  The  History  of  Mechanical  Trac- 
tion on  Tramways  and  Roads, 

A  Society's  Premium  of  Books  to  : 

H.  C.  Duncan  Scott,  for  his  paper  on  The  Destruction  of  Arch 
Bridges. 
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AUTHORS. 


Author. 


Subject  of  Paper. 


Abel,  CD 

ACKERMANX,  A.  S.  E. 


Adams,  H.  . 
Adams,  J.  H. 
Adams,  T.     . 


Adams,  W.    .. 
Alford,  C.  J. 


Alford,  R.  F. 

Allan,  G.W.      ..      . 
Allanson-Winn,  R.  G 


Allen,  A.  H. 

Allen,  A.  T. 

Amos,  E.  C.  .. 
Amos,  James 


Andebson,  Chris 
Andue,  G.  (t. 

Andrews,  J.  J.  F. 
Andrews,  T. 


Ansell,  W.  . 
Atkinson.  J. 


Transactions. 

Year. 

Page. 

1865 
190i 

25 

71 

1890 
187.'5 
1866 

1 
1 
6 

1870 
1879 

1 
93 

1879 

106 

1880 
1882 

131 
121 

1858 

1899 

14 
133 

The  Patent  Laws 

British    and   American   Coal-Cutting 

Machines. 

President's  Address      

President's  Address      

The  Friction  of  the  Slide-valve,  and 

its  Appendas^es. 

President's  Address      

The  Mineralogy  of  the  Island  of  Sar- 
dinia. 
Appendix  to  Above :  l^aws  relating  to 

Mining. 
Engineering  Notes  on  Cyprus     .. 
Tlie  Fell  Engines  on  the   Rirautakai 

Incline,  New  Zealand. 

Marine  Insurance 

Foreshore     Protection,    with     special 

reference    to    the    Case    System    of 

Groyning 
Deep  Sea  Erosion  and  Foreshore  Pro-      1904 

tection. 
Submerged  Chain  Cable  Groynes      ..      1!»0G 
The   Engineering  Pros,  and  Cons,  of     1908 

the  Metric  System, 
Concrete   Subways   for   Underground      1901 

Pipes. 

Machine  Tools       1899 

Tlie   Machinery  employed    in    laying      1858 

the  Atlantic  Cable. 
The    New   Hydraulic   Machinery   for  j  1859 

lifting    Vessels     in     the     Thames 

Graving  Dock.  j 

The  Feasibility  and   Construction  of     1883 

Deep-sea  Lighthouses. 
The  Ventilation  of  Coal  Mines  ..      ..      1874 
The  Application  of  Electricity  to  the      1878 

Ignition  of  Blasting  Charges. 
Ship   Caissons  for  Dock   Basins   and      1890 

Dry  Docks. 
The  Strength   of  Wrought-iron    Rail-      1879 

way  Axles. 
The  Effect  of  Strain  on  Railway  A  xles,      1 895 

and  the  Minimum  Flexion  Resist- 
ance-Point in  Axles. 
Effect  of  Segregation  on  the  Strength      1902 

of  Steel  Rails. 

The  Electric  Telegraph        1857 

Apparatus  for   Utilising     the    Waste      1878 

Heat  of  Exhaust  Steam. 


141 

13 
125 

99 

51 
13 

17 


45 

28 
123 

18i* 

148 

181 

209 

11 

107 


Y    i! 
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INDEX. 


! 

Subject  of  Paper. 

Transactions. 

Author. 

Year. 

Page. 

AULT,  E 

The  Shone  Hydro-Pneumatic  Sewerage 
System. 

1887 

68 

Bmllie,  J.  R 

President's  Address       

1889 

1 

JiAKER,  T.  W 

The  Utilisation  of  Town  Refuse  for 
generating  Steam. 

1894 

18S 

Baldwin,  T 

Single  and  Double  Riveted  Joints     .. 

lS6t> 

150 

»)          ««          .... 

Experimental    Researches    into    tlie 
Nature  and  Action  of  Safety  Valves 
for  Steam  Boilers,  &c. 

1867 

23 

Bambek,  H.  K 

Water,  and  its  Effects  on  Steam  Boilers 

1867 

65 

Bancroft,  R.  M. 

Renewal  of  Roof  over  Departure  Plat- 
form   at    King's    Cross    Terminus, 
G.N.R. 

1887 

125 

Barber,  J.  P 

President's  Address      

1903 

1 

Notes  on  the  Proposed  By-laws  of  the 

1897 

17 

London  County  Council  with  respect 

to  House  Drainage. 

Barker,  CM 

The   Prevention  of  Leakage  in   Gas 
and  Water  Mains. 

1869 

79 

Barker,  E.  D 

Hydraulic  Continuous  and  Automatic 
Brakes. 

1879 

75 

Barker,  Capt.  W.  B. 

International  System  of  Marine  Course 
The  Value  of  Exhibitions  as  Aids  to 

1884 

47 

Barnett,  S. 

1888 

75 

Engineering  Progress. 

Bartholobjew,  E.  G. 

Electric    Telegraphy,  irrespective   of 
Telegraphic  Apparatus. 

1869 

55 

«>                  >' 

Ekctric  Telegraph  Instruments 

1872 

53 

Electrical  Batteries       

1872 

77 

Beaumont,  W.  W. 

President's  Address      

1898 

1 

Modern  Steel  as  a  Structural  Material 

1880 

109 

»>               »? 

High    Pressure    Steam    and    Steam- 
engine  Efficiency. 

1888 

221 

Road  Traffic  in  and  near  Large  Cities. 

1903 

23 

(Topical  Discussion.) 

Beaumont,  W.  W.,  andi 
Sellon,  S / 

Notes OD  Pa iliai  1  le 1 1  tary Procedure  as  af- 

1895 

33 

fecting  Light  Railways  &  Tramways. 

Behu,  F.  B 

The  Lartigue  Sin-le-raii  Railway      . . 

1886 

163 

Bellamy.  H.  E 

Australian  Timber  Bridges        ..      .. 

1902 

63 

Bellasls,  E.  S 

The  Roorkee  Hydraulic  Experiments 

1886 

41 

P>ernays,  J 

President's  Address 

1880 

1 

The  New  Pits  and  Hauling  Machinery 
for    the  San   Domingos    Mines  in 
Portugal. 

Depreciation    of    Plant    and    Works 

1879 

29 

Biggs,  f.  H.  W 

1902 

271 

under     Municipal     and    Company 

Management. 

Biggs,  (J.  IJ.  W.,  and   i 
Beaumont,  W.  VV.     ( 

Notes  on  Electric  Light  Engineering 

1882 

23 

BiNYON,  AH 

Notes  on  Electric  Traction 

1900 

103 

Bjohling,  p.  B 

Direct-acting  Pumping  Engines 

1877 

79 

Blackbouun,  J 

Tlie  Action   of  Marine   Worms,  and 
Remedies  applied  in  the  Harbour  of 
San  Francisco. 

1874 

111 

Bolton,  H 

The    Application    of     Electricity    to 
Hoisting  Machinery. 

1692 

79 

INDEX. 
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Bower,  G.     .. 

BowEKS.  George 
Boyd,  R.  N. 


Bi;ai)LEY,  B.  L.    .. 
Brkwer,  R.  AV.  a. 


Brigo,  T.  H. 
Brothers,  W.  H. 

Bro\*'NING,  C.  E. 


Bryant,  F.  W.    . 

BrcKiiA3i,  'V. 

Burrows,  E. 
Butler,  D.  B. 


Carey,  R. 
Cargill,  T. 


Subject  of  Paper. 


Transactions 


Year,  j  Page. 


Carpenter,  C.  C. 
Carrington,  W.  T. 


Carter,  J.  H.     .. 

Case,  G.  O 

Chatley,  H. 

ChEESEW RIGHT,  F.  H. 

Church,  Jabez 


The  Preservation  and  Ornamentation 

of  Iron  and  Steel  Surfaces. 
The  Permanent  Way  of  Railways 
Collieries  and  Colliery  Engineeriig  .. 
A  Deep  Boring  near  Fnistadt,  Austria, 

by  tiie  Canadian  System. 
The  Grindleford  Stone  Quarries  and  : 

their  Working.  : 

liiquid  F'uels  for  Internal  Combustion 

Engines. 
The    Flow    of  Liquid  Fuel  through 

Carburettor  Nozzles. 
The  Mechanics  of  Horse  Haulage 
Weigiiing  Machinery  ami  Automatic 

Apparatus  in  connection  therewith. 
The  Strength  of  Suspension  Bridges. . 
The  Extension  and  Permanent  Set  of 

Wroui;ht  Iron. 

Piling  and  (offer  Dams       

President's  Address      

The    DraiuMge  and  Water   Supply  to 

the  Town  of  Fareham. 

Blake's  Bridge,  Reading 

President's  Address      

Portland   Cement,  some  Points  in  its 

Testing,  Uses  and  Abu-es 
The  Effect  of  Admixtures  of  Kentish  I 

Ragstone,v^c.,upon  Portland  Cement. 
Certain  Vexatious  and  Fallacious  Ce- 
ment Tests  now  in  Vogue. 


Hydraulic  Lifts 
President's  Address 
liailwav     Brid<re    at 


1883  59 

1857  1 1 

1S98  160 

189i  119 

19(15  201 

1907  15S 

19(I,S  l'.»7 


I80»; 
IS'.'O 

21 
55 

18.-)8 
1858 

11 
15 

1859 
1869 
I8fi9 

38 
41 

189:; 

1901 
18*95 

71 

1 

61 

1890 

179 

i9()H 

89 

th 


Place  d« 


Church,  Jabez,  jun. 
CoLAM,  w/n.   .. 
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